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Modern Blast Furnace at Portsmouth, Ohio 


New Five-Hundred-Ton Furnace to Be Operated in Connection 
With a Battery of Semet-Solvay Coke Ovens — Furnace Has 
Unique Dust Catcher, Having Two Chambers Instead of One. 


The following is a description of the plant of the 
Whitaker-Glessner Co., at Portsmouth, O., which was 
completed and put into operation during the latter months 
of the year of 1917. The furnace was hampered and 
held back from the start by the prevailing shortage of 
coke. But the completion of two blocks of Solvay 
coke ovens, in the near future, is expected to over- 
come this difficulty. The construction of the furnace 
was done by William Pollock Company, of Youngstown, 
O. Julian Kennedy was the designing engineer, and it 


is through his courtesy that it is possible to present this 


reliable and accurate information concerning a plant 


which embodies the most up-to-date practice in the de- 


sign of a furnace for the conditions this one is built to 
meet. 

This furnace was built to supply iron to furnish pig 
iron to the old Whitaker-Glessner Co. steel plant, which 
operates open hearth furnaces, and produces a variety of 
rolled and finished products, including sheets, plates, 
roofing, billets, slabs, tie plates, blue annealed sheets, 
one-pass cold rolled sheets, galvanized sheets, galvanized 
roofing, and black and_ galvanized sheet barrels. 
The furnace operates on lake ores, being sit- 
uated on a direct rail connection from Lake Erie 
and is also located near the outlet of supply of coking 


coal from the coal fields of Eastern Kentucky and West. 
Fig. 1 shows the general layout of the plant. 


Virginia. 
The steel works adjoins the furnace property on the 
west and the Portsmouth-Solvay Coke Company’s plant 
is on the ground lying to the east. 


Stock Yard and Ore Bins. 

The stock yard measures 500. by 240 feet, and the 
ore can be stored ‘in sufficieftt! quantities to insure a five- 
or six-months’ run. A concrete retaining wall at one 
end is necessary on account of the topography; the other 
end is open. A Heyl & Patterson ore bridge serves the 


«a 


stock yard and delivers the ore into an electric transfer 


car over the ore bins. 

The bins are of Hoover & Mason construction, with 
roller gates discharging ore and stone into a single com- 
partment scale car, having a capacity of 14,000 pounds. 


The coke bin is directly in front of the skip bucket pit- 


Google 


and discharges directly into the skip bucket through a 
chute that passes under the scale car track. 


Hoisting Mechanism and Top. 


The burden is dumped into a skip bucket of steel plate 
construction and having a maximum capacity of 14,000 
pounds of ore.- The bucket is supported from the skip 
carriage by a large shaft, on the bottom of which is 
mounted the bell. The bottom edge of the bucket rests on 
the bell. 


Two hydraulic cylinders at the skip pit oper- 


ate racks which engage with a gear mounted on the 
vertical shaft supporting the bucket. This arrangement 
makes it possible to turn the bucket 120 degrees in either 
direction and a three-point distribution is thus ob- 
tained by using one or the other, or neither of the hy- 
draulic cylinders immedately after the charge has been 
dumped into the bucket. 


The charge is lifted to the top of the furnace by an 
Otis Elevator Company geared hoist operating at 230 
volts. Two counter-weights are attached to the 
system. One operates on _ the hoisting drum 
direct and the other is connected to the skip 
carriage in such a way that it acts as a check on the 
motion of the bucket and carriage from the time the 
bucket reaches its highest position till it settles into 
place on top of the furnace to deposit its charge on the 
main furnace bell. After the bucket has settled into place 
the carriage continues to move, which lowers the bell in 
the bottom of the bucket and allows the charge to drop 


153 


154 hhe Blast Furnace Steel Plant 


into the hopper over the furnace bell. The skip carriage 
is a special Julian Kennedy design with four pairs of 
flanged wheels connected into two trucks, to which the 
bucket is attached with a pantagraph linkage which keeps 
the bucket in a vertical position at all times and insures 
correct seating at the top. 


The furnace bell has a diameter of 13 feet and 


Fig. 2—Blast furnace foundation and ore bins. 


is operated by a 12-inch diameter hydraulic 
cylinder located above the _ hoisting mechanism, 
connecting with it by means of two side rods running 
down on opposite sides of the skip bucket, and giving the 
bell a drop of 2 feet. The hole above the bell in which 
the skip bucket seats is normally covered by a plate slide 
operated by a hydraulic cylinder. This slide is opened 
only when the bucket is at the top of the furnace. This 
device gives the furnace all the advantages of a double 
bell top without materially increasing complications. 

The controls of the entire hoisting and charging 
mechanism consists of four hydraulic valves and an Otis 
elevator controller similar to those seen in passenger 
elevators, all located in a room at one side of the skip 
hoist on the level of the scale car track, where they can 
be manipulated by a single operator. 


Furnace Proper. 


The furnace stack is 92 feet high from the center 
line of the tapping hole to the platform at the top, and 
has the following dimensions: Hearth, 17 feet in 
diameter; bosh angle, 78 degrees 14 seconds; bosh, 22 
feet in diameter; stock line, 17 feet in diameter. The 
walls of the bosh are 2 feet 3 inches thick, and the walls 
above the mantle are 3 feet 4% inches thick. The blast 
is blown in through 12 6-inch tuyeres. The stack is 
The hearth is in- 
closed in a 1%-inch plate jacket, and the tuyere breast 
has a 14-inch jacket. 
heavy and gives the appearance of being safe and sub- 


supported by six cast iron columns. 


The entire construction is very 
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stantial. The stock line is protected by cast iron seg- 
ments. The bosh and tuyere breast are cooled by bronze 
plates with curved tops. 


Stoves and Gas Handling Apparatus. 


The gas leaves the top of the furnace through four 
downcomer openings to which are connected two cast 
steel elbows to turn the gas in a downward direction. 
These elbows have ribs cast around the interior to resist 
the sand blast action of the particles of ore and coke that 
come over. These four pipes come together into two 
unlined steel plate pipes which enter the dust catcher 
near the top. The dust catcher is a unique design, hav- 
ing two chambers in place of the usual one. They are 
18 feet in diameter and arranged one above the other as 
may be seen from the illustration. The lower chamber 
acts as a settling basin for the dust that is caught in the 
upper chamber, and makes it impossible for the dust to 
be stirred up again into the gas current after it has once 
been separated out. When the dust is dumped from the 
bottom chamber it passes through a chute into a car stand- 
ing on the track on the charging side of the furnace. 
From the dust catcher the gas passes through a Brassert- 
Bacon gas washer and through a horizontal cylindrical 
drier and from thence the gas goes to the stoves and the 
boilers. All the gas mains are equipped with washout 
devices at regular intervals along the pipe, which consists 
of a nozzle on a bent pipe mounted on a spherical slip- 
joint, where it enters the main, so it can be turned and 


moved in any direction when washing out the main. 


The regenerator equipment consists of three two-pass 


Fig. 3—General view of blast furnace, showing ore bridge, 
bins, stoves, dust catcher, etc. 


side combustion stoves 24 feet in diameter and 110 feet 
high. The stoves are heat-insulated with J.-M. asbestos 
block 2 inches thick. The hot blast main and bustle pipe 
are insulated with the same material. The stove burners 
are a special Julian Kennedy design. The hot blast valves 
are Mathesius patent gate valves. The burnt gases from 
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the stoves are carried away by a brick stack 190 feet 
high. This is an example of the present tendency toward 
the use of a small number of stoves of comparatively 


large capacity. 
Boiler House and Power Plant. 


The boilers and power plant ‘are housed in one 
building with a brick wall between. The boiler equip- 
ment consists of six Babcock & Wilcox units 
with individual chimneys directly over the settings. 
Each boiler is fired by six 10-inch Burkholtz blast fur- 
nace gas burners and has arrangement for supplementary 
coal firing. This boiler equipment, along with the type of 
stoves used makes a very efficient use of the furnace gas 
and cuts down the use of other fuel to a minimum for 
this type of plant. aa 

Within the power house are housed the turbo-blowers, 
turbo-generators, condensers, and pumps necessary for 
supplying the hydraulic power. It-has the small size, 
arrangement and general neatness characteristic of 
plants using that type of equipment. The switchboard 
is elevated on a platform and is an example of good and 
simplified arrangement. 

The blast is furnished by two Ingersoll-Rand turbo- 
blowers having a rated capacity of 45,000 cubic feet of 


atmospheric air per minute, and having a pressure range 
up to 30 pounds per square inch. Each blower is capable 
of furnishing sufficient blast for the furnace. The air 
intake is through two vertical pipes outside of the build- 
ing which are screened at the openings and covered at 
the top which is near the roof of the power house. 
The electric power is supplied by two General Electric 
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Fig. 4—Stock yard showing concrete work. 


turbo-generators of 3,000 kilowat capacity each, which 
operate tied in with the machines in the power house of 
the steel plant. 
sets supply the direct current needed about the blast fur- 
nace. An air cleaner.furnished by the Spray Engineering 
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Two motor generator General Electric 
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Company is used to clean the cooling air for the electrical 
equipment. 

Both the turbo-generators and blowers are equipped 
with Schutte & Koerting without 
‘The cooling water for the condensers is 


jet condensers 
air pumps. 
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Fig. 5—Blast furnace in course of construction. 


taken from the Ohio river by centrifugal pumps located 
on the river bank. The water is pumped trom the river 
into a low-pressure standpipe 24 feet in diameter and 
40 feet high, to keep a constant head on the condensers. 
The inlet to the standpipe is controlled by a float oper- 
ated valve to prevent overflowing. From the condensers 
the water is discharged into a hot well running the entire 
length of the power house, and extending to a sewer 
outside, where the excess escapes. A great part of the 
water in the hot well is picked up by centrifugal pumps 
and discharged into the high pressure standpipe which 
is 20 feet in diameter and 110 feet high, to supply the 
blast furnace and stoves with cooling water, and connects 
with the 24-inch supply line to the steel works. Part of 
the water from the low pressure standpipe is pumped 
direct to the gas washer. All the pumps are DeLaval 
centrifugal type, furnished by the Dravo-Doyle Company. 


Disposal of the Iron and Slag. 

The iron is tapped from the furnace and runs into a 
75 ton ladle and is transported to the pig machine. 
The pig machine is a two-strand machine made by the 
Heyl & Patterson Co,. and operated by a 75-horsepower 
motor. Hot metal for the open hearth is transpoured at 
the pig machine into a special 30- ton open hearth charg- 
ing car. 

The slag is handled hot in ladlés, but an arrangement 
is to be made whereby it can be granulated in standard 
gauge cars. 
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Making Substitutions for Natural Gas 


The Cost and Operation of Fuel Oil, Powdered Coal and Pro- 
ducer Gas Are Considered—Cost of Changing from One Type of 
_ Fuel to Another Not Considered. 
By F. DENK. 


The prevailing shortage of natural gas has forced 
many a manufacturing concern to look out for some 
other fuel, in order to be able to run the factory during 
the coming winter. The fuels considered in this article 
are fuel oil, powdered coal and producer gas. 


Where the change from natural gas to the new fuel 
has to be made quickly, the only thing to do is to install 
fuel oil. Such an installation, however, should always 
be considered as an emergency only on account of the 
high cost of the raw material. While the plant is work- 
ing with the new fuel, provisions should be made for 
operating the plant later on with producer gas, or, if 
conditions should warrant it, with powdered coal. The 
reason for this statement can easily be seen from the 
following short calculation: 


One gallon of fuel oil contains 140,000 B.t.u:, and 
thus corresponds to 10 pounds of coal, having a heating 
value of 14,000 B.t.u. per pound. If the price is 6 cents 

.06 & 2,000 

a gallon, the equivalent price of coal is a = 
$12 per ton. For 8 cents a gallon this amount increases 
to $16 per ton. Considering that, at present, the price 
of coal at the mine is $2.45, to which has to be added a 
certain amount for freight, it can easily be seen, that the 
equivalent price for oil, given above, is far too high to 
warrant its general use under prevailing conditions. But, 
as was Stated before, the fact that a fuel oil plant can be 
erected and installed quickly and at a proportionately low 
cost, gives it a certain advantage over the other substi- 
tutes for natural gas. 


The application of powdered coal as a fuel has, in 
this country, not made the same progress during the 
last decade that it has in Europe, which may be mostly 
due to the high prices of coal over there, which forced 
the manufacturers to turn to a cheaper fuel, which they 
found in powdered coal (at least to a certain extent), 
being able to use for this purpose coal screenings and low- 
er grades of coal, which could not be used to advantage 
otherwise. In the United States some installations using 
powdered coal have been running successfully for sev- 
eral years, while it is only during the last few years that 
some larger plants have turned to this fuel. Reliable 
test data, however, have not yet been published. Several 


methods of grinding the coal and conveying the powdered - 


material to the furnaces have been developed, but, never- 
theless, up to the present time, the use of powdered coal 
has been mostly confined to certain types of furnaces, 
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e. 1, those used in the cement industry, in blacksmith 
and drop forge shops, etc., and also to a limited ex- 
tent, to boilers, while the large furnaces like those used 
in steel works, have been burning natural gas or pro- 
ducer gas. Pulverized coal has lately been given a trial 
on some of such furnaces also. : 

The main difficulty in the practical application of 
pulverized coal firing has been encountered in develop- 
ing machinery suitable for pulverizing the coal and mix- 
ing it evenly with air to form the necessary blast. To 
burn powdered coal successfully, it must be burned while 
in suspension in the air. For this reason, the coal must 
be ground very fine, since the time of combustion is 
evidently increased as the size of the coal particle is in- 
creased. The finer, therefore, the grinding, the more 
perfect the combustion. a 

It should, in this connection, be kept in mind, that, in: 
some cases, failures of powdered coal installations have: 
been blamed on the fuel, while they actually were due to 
the furnace in which the pulverized coal was used. It 
must be emphatically stated, that a furnace must be built 
for the fuel which-is intended to be applied, it being a 
serious mistake to attempt to apply powdered coal to 
existing furnaces without rebuilding them and making 
them suitable for that new fuel. Another reason for 
failure lies in the fact that with some arrangements the 
powdered coal is admitted to the furnaces in too wet a 
state. The moisture contents should not be above .5 per 
cent; care must be taken in drying not to overheat the 
coal and thus drive off some of the valuable volatile con- 
stituents. The coal should, for ordinary conditions, be 
pulverized to a fineness to permit 95 per cent to go 
through a 100-mesh sieve, while for some special cases 
of work a greater fineness may be required, but it hardly 
will be necessary to exceed a fineness which permits 85 
per cent to go through a 200-mesh sieve. 

Producer gas can, in many cases, be applied directly 
in place of natural gas, as many of the furnaces built 
during the last year, have been provided for the use of 
the fuel in question, although at the time of erection and 
for some time afterward they were to be used for natural 
gas. In such a case the regerenative chambers are built 
for gas and air in sizes suitable for producer gas, but 
they are only partly used for preheating the air. Natural 
gas cannot be preheated, because the hydrocarbons, 
amounting to about 95 per cent of the gas, would become 
decomposed. Since the amount of air required for the 
combustion of one cubic foot of natural gas is about 10. 
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times that required for the combustion of one cubic foot 
of producer gas, and since we have to use about seven 
cubic feet of producer gas to every cubic foot of natural 
gas, the chambers provided for preheating the producer 
gas are big enough to preheat the air as long as natural 
gas is used. After the fuel is changed the other cham- 
bers will be opened and used for the air, while the for- 
mer air chambers are used for preheating the producer 
gas. (In many cases, however, both regenerating cham- 
bers are used for the air, as long as the furnaces are 
fired with natural gas.) 


Th furnace proper does not have to be changed at all, 
because the combustion space needed is for both fuels 
practically the same. One cubic foot of natural gas 
gives approximately 16 cubic feet of (wet) products of 
combustion, while the corresponding figures for pro- 
ducer gas is about 2.2 cubic feet. But, since one cubic 
foot of natural gas is equivalent to seven cubic feet of 
producer gas, the corresponding quantity of waste gases 
from producer gas is 7 X 2.2 =-15.4 cubic feet, or practi- 
cally the same as that for natural gas. 


It is true, producer gas can not as easily be handled 
as natural gas, since the latter, being nature’s gift, is 
the most ideal fuel in existence. But this difficulty can 
be overcome by a careful control of the producers as well 
as the furnaces and the flues by suitable instruments, 
such as gas analyzers, pressure and volume gauges or 
meters, and pyrometers, and there is no reason whatever, 
that after a producer gas plant has been in operation for 
a comparatively short time, it should prove defective or 
unsatisfactory, provided it is at all fit for the purpose 
it is used for. 


In regard to the advantages or disadvantages of one 
system over the other one, the following may be stated 
furthermore: 


A fuel oil installation can be made on short notice, 
but it involves changes in the furnaces; it has the further 
disadvantage, that the cost of the fuel is high, thus in- 
creasing the cost of operation considerably, notwithstand- 
ing a low first cost. 


A powdered coal installation requires more or less 
complicated machinery, the manufacture of which will 
take time, since it hardly will be kept in stock, the de- 
mand for this type of fuel utilization not being very 
heavy. This means a shut down of the plant as soon as 
the natural gas supply is turned off, if the apparatus was 
not ordered in time, and such a shut down means a loss 
in production. The installation must be made in such 
a way, that the pulverized coal is practically moisture- 
free, since, if this is not the case, trouble will result in 
the operation. An advantage of this type is the low cost 
of the fuel compared with that for oil, reducing the cost 
of operation, thus even counterbalancing the high first 
cost, as will be shown below. It is, however, necessary 
to use a coal for pulverizing which does not contain less 
than about 28 per cent volatile matter and not more 
than 10 per cent ash. It is furthermore difficult—at 
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least in some types of these apparatus—to have the coal 
supplied uniformly to the burners, to insure a uniform 
heat. | | 


The successful application of powdered coal to small 
furnaces has been proven beyond doubt, if only the 
pulverizing and conveying plant and the burners were de- 
signed along scientific principles; but installations for 
large furnaces have not been in operation long enough 
and extensively enough to prove their value, at least in 
the United States. 


If natural gas had been used as fuel prior to the ap- 
plication of powdered coal, the furnaces must be changed 
to suit the new conditions, as was the case for oil. 


If producer gas is supposed to be used as a substitute 
for natural gas, the furnaces can remain unchanged, 1f 
they have provisions for the preheating of the fuel. If 
this is not the case, additional regenerating chambers 
must be provided, while the other parts of the furnace 
can remain as they are, assuming, of course, that they are 
in a good condition. In regard to the quickness of in- 
stallation, the same must be said as for powdered coal. 
viz.: it will take some time, until the producers will be 
delivered, although, at present, the demand for gas pro- 
ducers is high, and, for this reason, there will likely be. 
some manufacturers, who have the material for suitable 
gas producers. in stock. 


Producer gas installations have been in successful op- 
eration in many plants, small ones as well as large ones, 
and wherever they failed, it was or is either due tc 
ignorance on the part of the operators or to the un- 
suitability of the fuel or the apparatus for the purpose 
in question. 


If a comparative calculation of the cost of operation 
of the different systems is to be made, this can be done 
by referring it to a common base. Supposing a plant is 
using 1,500,000 cubic feet of natural gas per day of 24 
hours, operating 300 days in a year; what will be the 
cost of installing and operating each one of the three 
fuel plants in question, everyone being of such a size as 
to supply an amount of fuel equivalent to the above 
given 1,500,0CO cubic feet of natural gas? 


One million five hundred thousand cubic feet of nat- 
ural gas per day correspond to 1,500,000/10 or 150,000 
pounds of coal per day—figuring on a coal with 14,000 
B.t.u. and on a conversion efficiency of 70 per cent—or 
75 tons of coal per day. This amount is necessary for 
the producer gas plant. Taking the heat value of one 
gallon of crude oil as 140,000 B.t.u., the ratio of oil to 
coal is again 10 to 1, giving 15,000 gallons of fuel oil per 
day. For the powdered coal plant we need about 20 
per cent less coal than for the gas producer plant, thus 
reducing this figure to 60 tons per day. 


Based on these data, the calculation will have the 
following result: 

To have one week’s supply of oil on hand, nine tanks 
are required, holding 10,000 gallons each. 
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For the first cost of a fuel oil plant: 


Cost of Fuel Oil Installation. 
9 10,000-gallon storage tanks at $1,500 each... $ 13.500 


Foundations, erection, etc. ............. ee eens 5,500 
6 Auxiliary pressure tanks, complete ......... 9,000 
3 Circulating pumps and motors ............. 
Piping, valves, fittings, steam and air con- 
NECtIONS,. CC... giao eve vein ais sonew ea eeneees 20.000 
90 Connections to furnaces at $70 each....... 6,300 
Standpipes for tank cars ........ ccc cece cece ee 800 
Pumps and other appliances, blowers, motor 
and blast connections .................0000- 20,000 
Otel “aeauh uy xobe tides isewieicawae pau eceunes $ 76,000 


For the powdered coal plant we have (see previous 


page) a coal consumption of 60 tons per day. The 
first cost will be: 


Cost of Powdered Coal Plant. 


Pulverizing machinery ..............ccceeeee $ 60.000 
Buildings and foundations ................... 20 000 
Coal handling and conveying .............006 15.000 
Flues and valves .........c ccc cece ccc cceece 12 500 
Blowers, motors, etc. ............ cece cece cees 20,000 
Exhaust,: €te:> o<isovi4 od dwsdiuardadencened ins 15,000 
Ota: Scare cs ie Gaeeaeels data oeteteen ee eoeders $242,500 


Say $243,000 for the powdered coal plant. 

For the producer gas plant we have to gasify 75 tons 
of coal per day, or 150,000 pounds of coal per day, cor- 
responding to 6,250 pounds of coal per hour. Figuring 
on a capacity of 1,250 pounds of coal per producer per 
hour, we need five producers and one for spare. 


Cost of Gas Producer Plan 


6 10-foot producers .............0000- Dee reads $ 24,000 
Buildings, foundations, excavating, erection, 

TreIgNt. ClO echo t cach d desu ateawgate woe 18,000 
Coal handling and crushing .................. 6.000 
Coal Dankers. 1.5 t6s cess a iient Hidarcaw needa 6.500 
Foundation for coa! handling mach‘nery ...... 3.000 
Steam and water piping along producers ...... 5.000 
Overhead flues, valves and stacks ............ 16.000 
Otel: : sensi cie edie eth ibd uh calender, $ 78,500 
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Say $80,000 for the gas producer installation. 

The operating cost per day includes the fixed charges 
and the cost for operation. For this calculation the. 
“day” has been taken as a unit, because the corresponding 
figures for a year or even a month would be too large, 
on account of the large fuel consumption. The figuree 


‘for a day are short and can easily be overseen. 


Operating Cost for Fuel Oil Plant. 


Per day 

Interest, depreciation, taxes, 16 per cent of 
S/CCOO ov is.3 thw saci lana okd eee ate $ 40.53 
Fuel oil, at 6 cents a gallon, .06 * 15,000...... 900.00 

Labor, 16 men for two shifts at 35 cents per 
NOUS vs riitse toss beet hlacaewe med eee eewens 67.20 
One foreman. os acccenes hil cocctesenusuvesiosen 5.00 
Electric current, air and steam .............. 6.00 
Lubricating oil, waste, etc. ...........00ee eee 75 
DLOtal. esearch ia tdandands Want dawa Gre valance $1,019.38 


Operating Cost for Powdered Coal Plant. 
Interest, depreciation, taxes, 16 per cent of 


Per day 
$243:000) si wisad davon Bona oraeees uorime ele $ 129.60 
Coal, 60 tons per day at $3 ...............06. 180.00 
Unloading: Coal asccsueesaas cise ee eis 2.00 
Electrical current, air, etc. ..........0cc ee eeee 15.00 
Onie- foreman: sete wneiy er banca cee ewense 5.00 

Labor, 16 men for two shifts at 35 cents per 
HOU cig re Bis he Ae eens oa cao eens 67.20 
Lubricating oil, waste, etc. ........... cc eee eee 1.00 
Ee Otal: atiiekua net iacen leu wean le wesc teens $ 399.80 

Operating Cost for Preducer Gas Plant. 

Per day 

Interest, depreciation, taxes, 16 per cent of 
SEO 000: uaaleaetats da wan catia ae ieee eeasceleee. ae $ 4267 
Coal, 75 tons per day at $3 ...............5. 225.00 
Unloading COal.. sce cicakecueietadiesaadaase 2.25 
One: foreman. sc.akwavrin sad eieaeseew's weteeean 5.00 

Labor, 10 producer men for two shifts, at 35 
Cents per hour, 2s.0o505 ce wie ae eee eusass 42.00 
Two ash men, $3 per day .........ccec eevee 6.00 
Steam and water ........ ccc cece ee ee eee eees 6.00 
TOtal: . wucid.cc care pdntecwt eae absentee cies $ 328.92 


(Continued on Page 180.) 


Selection of Steel Mill Auxiliary Motors 


Describing Functions, Mechanical Layout and Operation of 

Manipulators for Blooming Mills—Conclusions as to Size of 

Motors and Control Most Suitable for Driving These Auxiliaries. 
By J. D. WRIGHT. 


Usually the first questions which one is likely to 
ask when considering the proper type of motor and 
control for any steel mill auxiliary machine, are, 
“What is its function; what is the mechanical layout, 
and how does the device operate?” Without a thor- 
ough knowledge of the answers to these questions one 
is unable to make an intelligent recommendation on 
the application of either motors or control. 


* Abstract of paper presented before joint meeting of . 


A. I. E. E. and A. I. S. E. E., Cleveland, O., March 8, 1918. 
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It is, therefore, the purpose of this article briefly 
to describe a few steel mill auxiliary machines with 
particular reference to their mechanical details. 

Manipulators for blooming mills consist of side 
guards and lifting fingers. The function of the former 
is to guide the bloom into the proper groove in the 
rolls while the latter are used for turning the bloom 
over. 

A reversing mill is usually provided with four mov- 
ing side guards, two on each side of the mill, one 
guard on. the side of the mill ‘with the operator's 
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pulpit being provided with the lifting fingers. Occa- 
sionally a set of lifting fingers is provided on each 
side of the mill, but as the bloom is usually turned 
only on the pulpit side, fingers are more commonly 
provided only on that side. 


Fig. 1 is a general view of the entering side of a 
reversing blooming mill equipped with electrically 
operated manipulators. The two side guards are 
clearly shown and, on close inspection, the lifting 
fingers may be seen just inside the left hand guard. 


Each side guard on the entering side of the mill 
is connected by suitable mechanical means to the cor- 
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Fig. 1—Blooming mill with electrically-operated manipulators. 


responding guard on the delivery side, so that the 


right hand and left hand guards on opposite sides of. 


the mill always have the same movement and are 
always in line. 

One method of mechanical connection between the 
motors and the side guards is as follows: Two mo- 
tors, one on each side of the mill, are geared through 
slip clutches to a common shaft on which are mounted 
four pinions which engage with four racks. Two of 
the racks are attached to one guard on the entering 
side and the other two to the corresponding guard on 
the delivery side of the mill. 


The remaining two guards on opposite sides of 
the mill are similarly operated by a second pair of 
motors. The racks are supported by rollers and me- 
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chanical stops are provided to limit their outward 
movement. 

As previously stated, the function of the side 
guards is to guide the bloom into the proper groove 
in the rolls. The opération of the guards during the 
process of rolling an ingot consists, therefore, of many 
fast, short movements back and forth across the table. 
Each guard on one side of the mill can move inde- 
pendently of the other and can make a stroke equal 
to the width of the table. It is possible, therefore, for 
the guards when moving inward to come together or 
against the ingot at full speed. It is the function of 
the slip clutch to prevent damage as a result of such 
action should the operator be careless enough to allow 
it to occur. 

The motor equipment for the side guards consists 
of four 80-hp series motors, two connected in series 
driving each pair of guards. Satisfactory operation 
of the guards requires rapid acceleration and retarda- 
tion, and for such service series motors are most de- 
sirable. Some installations, however, use compound 
wound motors, primarily because dynamic braking for 


Fig. 2—View of blooming mill with electrically-operated 

manipulator fingers and side guards. 
stopping was desired. Furthermore, solenoid brakes 
are sometimes used to assist the dynamic braking. In 
the equipment illustrated, neither dynamic braking 
nor solenoid brakes are used. When a quick stop is 
desired the motors are plugged. The equipment is 
therefore extremely simple. 


The control for each pair of motors is, of course, 
reversible and is arranged so that a bank of resistance 
is permanently connected in series with the motor 
armatures. This acts as a buffer and reduces the 
shock when the guards jam together or against the 
ingot. A one-point reversible master controller is 
used for each pair of motors. Limit switches are 
provided for cutting off power when the side guards 
are moved to the edge of the table. These limit 
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switches are usually of the track type and are operated 
by movement of the rack. A geared switch might be 
used but the track type switch is much simpler and 
more positive in action. 


The lifting fingers, which-are used for turning 
the bloom over, are carried by a frame attached to the 
two inside racks connected to one of the side guards. 
They therefore move back and forth with the guard. 
The fingers are located just inside the guard and their 
lower ends are pinned to a yoke which is suspended 
from two horizontal shafts by means of two links and 
levers. The two horizontal shafts, which are sup- 
ported by bearings in the finger frame, are connected 
through cranks to a common driving shaft. On this 
shaft is mounted a large gear to which the two driving 
motors are geared. It is evident that one-half revo- 
lution of the main driving shaft in either direction will 
produce a complete upstroke of the hifting fingers. 
Another one-half revolution would produce a -com- 
plete downstroke and return the hngers to their orig- 
inal, position. a8 

The motors may, therefore, be either reversible or 
non-reversible. Successful installations of each have 
been made. When a non-reversing equipment is used, 
one complete cycle consists of an up and downstroke 
of the fingers. When a reversing equipment is used 
forward direction of rotation ‘may produce the up- 
stroke and reverse rotation the downstroke. 

The motor equipment illustrated in Fig. 2 consists 
of two 50-hp series motors connected in series, oper- 
ating non-reversing. For each throw of the operator’s 
master controller a complete up and downstroke of 
the fingers is produced. The motors are automatically 
stopped at the end of the downstroke by a limit switch 
which cuts off power and completes a dynamic brak- 
ing cireeit. | 

The dynamic braking connections for a series mo- 
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tor operating non-reversing are comparatively simple. 
Where reversible control 1s used, a compound wound 
motor is preferable if dynamic braking is desired, as 
the control connections are simplified. Solenoid brakes 
are required if the equipment is reversible, whereas if 
non-reversible, no brakes are necessary. It has at 
times been stated that the operator should be able to 
control the stroke of the fingers. This, of course, 
necessitates the use of reversible control, but the 
movement of the fingers is so rapid that it very fre- 
quently happens that the fingers make a complete 
upstroke before the operator throws his master con- 
troller to the reverse position to lower them. 

It has been shown that for the side guards a rever- 
sible equipment must always be provided. The mo- 
tors may, however, be either series or compound 
wound. Dynamic braking and solenoid brakes may or 
may not be used. The operator’s master controller 
may be one-point reversible or multi-point reversible. 
Track type limit switches or geared limit switches to 
limit the movement of the side guards may be used. 

For the lifting fingers it has been shown that the 
equipment may be either reversible or non-reversible. 
The motors may be either series or compound wound. 
Dynamic braking and solenoid brakes may or may not 
be used. The operator’s master controller may be one- 
point or multi-point reversible or non-reversible. The 
limit switch may be arranged to stop the motors when 
the fingers are at the end of their downstroke if the 
control is non-reversible, and if reversible the limit 
switch may be used to stop the motors with the 
fingers in both up and down positions. 

There must, however, be one method of operating 
these devices which is superior to all others. What 
this method may be can be determined only from actual 
operating experience, and it is to the steel mill elec- 
trical engineers that we must look for the results of 
such experience. 


Elements of Roll Pass Design 


Explaining the Proper Design of Edging Passes for Angle 
Blanks and the Greatest Permissible Bending from _ the 
Butterfly Shape to the Finished Angle. 


By W. 


The difficulties of collapsing or buckling and of 
insufficient traction, encountered in the edging of a 
beam blank were explained in the March issue of this 
journal. The problem which will be solved in the pres- 
ent installment, and which bears directly on that 
difficulty, is that of investigating the deformation 
which takes place in the edging pass of an angle blank. 
It will be seen from what follows, that this case in- 
volves one more variable than those which were 
analyzed in previous articles. Heretofore we had to 
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decide, as the stock moved forward in the pass, what 
fraction of the deformation went into elongation, and 
what fraction went into spreading. In the present 
case we shall, in addition, have to decide what part of 
the deformation goes into buckling or bending. 

At this point it 1s desirable to explain more fully 
the three kinds of deformation here considered. While 
a bar passes through the rolls, the latter close in more 
and more on a given cross-section, thus compressing 
the material. If the pass is closed, and is filled by 
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the material, all of the area which is displaced by the 
approach of the rolls must go into length. If the pass 
is open and is of such shape that it can transmit com- 
pressive stress from roll to roll without bending, then 
part of the displaced area of the cross-section goes 
-into elongation, while part of it goes into spreading. 
This means that while the approach of the rolls re- 
duces the cross-section, the spreading partly counter- 
balances the reduction. If, finally, the section is such 
that it can collapse in the pass, then we can imagine 
the extreme case of change of shape of section only, 
neither elongation nor spreading being caused by the 
approach of the rolls. 

Fig. 1 shows the gradual deformation of the blank 
in the edging pass. The analysis is in every way 
similar to that carried out in previous articles. Sec- 
tions were taken at regular intervals, at right angles 
to the stock, on the entering side of the pass. They 
are numbered from 1 to 6, going from right to left. 
Between sections 1 and 2 the rolls are just taking 
hold. At first, contact takes place in a few corners, 
which means that the pressure is local; it is concen- 
trated on small spots which have to bear a much higher 
unit stress than the rest of the material. The elastic 


limit is exceeded in spots only, and deformation is’ 


local. This condition does not exist long, but the con- 
ditions are very favorable to lateral local spreading 
from sections 1 to 2. For that reason it is probable 
that about two-thirds of the total displaced area will 
go into lateral spreading, and that only about one- 
third will go into elongation. 


Between sections 2 and 3, spreading cannot occur 
as freely as it did between sections 1 and 2, because 
the steel touches the sides of the groove. This condi- 
tion would produce considerable elongation, if it were 
not for the buckling of the section. It is evident that 
the compressive stress will be quite intense at point 
H, sections 2 and 3, while there may even be slight 
tension (up and down) at point K. Assuming the 
material to be perfectly plastic, we find the compres- 
sive stress at H to be almost 2% times as great (see 
appendix) as it is at LL. Forward motion is still diff- 
cult. It is, therefore, probable that only one-third of 
the displaced area goes into elongation, while one-half 
of the remaining area goes into spreading, as indi- 
cated, and while the other half of the remaining com- 
pression height decreases distance AB, increasing dis- 
tance CD a corresponding amount. 


The same relations exist more or less hetween sec- 
tions 3 and 4. The wedge-shaped grip of the rolls 
extends so far down, and the collapsing action is so 
great, that only a small fraction of the total deforma- 
tion can go into elongation, while its greatest part 
consists in collapsing. Between sections 3 and 4 the 
compressive stress at H is -approximately four times 
as great (see appendix) as the compressive stress in 
the section LL. Consequently, the probable shape 
of the stock in section 4 was sketched on--the basis 
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of 25 per cent of the displaced area going into elon- 
gation, 25 per cent going into lateral spreading, and 
50 per cent being accounted for by collapsing or buck- 
ling. In section 4 this latter action has almost reached 
its greatest intensity. 


Further intensification of this action 1s checked 
by the steel’s coming in contact with the rolls at point 
FE (see section 5). This contact occurs somewhere 
between sections + and 5. The immediate effect 
of this contact is the setting up of a couple counter- 
acting the bending caused by the bending force P. 
Study of the upper half of section 5 shows that the 
moment MP caused by P turns counterclockwise, 
while the moment MQ caused by the forces Q at E 
and F turn clockwise, the result is that the bending 
or buckling effect of P is greatly diminished. Allow- 
ing for the circumstance that, in section 4, the steel 


is 


Compress. 


tension. 


A Fig. 4. 


Fig. 3—Diagram for com- 

- puting stress relations 
in buckling of plastic 
material. . 


Fig. 4—Stress on plastic 
material due to bend- 
ing only. 


Fig. 3. 


has not yet touched the rolls at E, and in considera- 
tion of the fact that the shape in section 5 must be 


the result of all forces acting between 4 and 5, one- 


third of the displaced area was assumed to go into 
elongation, one-quarter is accounted for by bending, 
while the rest goes into spreading, which, of course, 
means growth of cross-section counteracting the re- 
duction of area which is caused by the approach of 
the roll surfaces. Spreading occurs to the greatest 
extent, where the forces favoring it find least resist- 
ance. In the section under discussion that place is G. 


Very much the same reasoning applies between 
section 5 and the final section 6, except that the total 
friction resisting forward motion is now very small. 
But the resistance to spreading at G is likewise ex- 
ceedingly small, while further collapsing is almost 
impossible. In consequence, section 6 was laid out 
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on the basis of one-half the deformation going into 
length, and the other half going into spreading, mostly 
at G. 

The second problem of interest concerning angles 
which will now be taken up ts that of bending an 
angle from the butterfly shape into the final straight- 
leg shape. The “schedule of events” is shown in 
hig. 2. As before, the bar moves from right to left. 
Sections were again made through the roll and through 
the angle to investigate the gradual process of defor- 
mation. Section 1 shows the angle as it comes from 
the preceding pass. It is shown as touching both top 
and bottom rolls. This need not necessarily occur, 
because the guide may, and probably will, enter the 


angle so that the latter touches one of the rolls ahead’ 


of the other. However, that makes very little differ- 
ence, because the roll which comes in contact first 
will soon deflect the whole bar so that,it also touches 
the other roll. 

Fig. 2 shows that from sections 1 to 5 there is 
practically no compression. All deformation 1s caused 
by bending within that range. 

Point A in sections | to 4 denotes the point where 
the entering section first touches. From a study of 
the drawing it is evident that a sliding action takes 
place between the tips of the angles and the rolls. 
This sliding has several effects. First, it wears one 
of the rolls over the range marked with heavy black 
in section 4; second, it sharpens the corner at the tip 
of the angle; third, it increases the tension which 1s 
produced by bending up the angle. If the bending 
force were applied in the direction of the arrow at A, 
section 1, then the neutral axis would lie in the center 
of the width of the angle; but since the force is ap- 
plied, as indicated by the arrow at A, section 2, the 
neutral axis is shifted to about one-quarter of the 
thickness from the inner edge. The amount of elon- 
gation which results from the bending up can, there- 
fore, be quickly ascertained by measuring the dis- 

: : sis CD—-AB | 
tances AB and CD (see section 1). Then ————— 1s 

AB © 

the unit or specific elongation which results from the 
bending up. -A perfectly plastic material will stand a 
single (not repeated) elongation of 100 per cent if 
lateral contraction is prevented, and will stand much 
greater elongation if lateral contraction is permitted. 
In the present case the unit elongation is about 10 
per cent, with lateral contraction prevented. Conse- 
quently no cracks need be feared, either with steel or 
wrought iron. If the unit elongation by direct tension 
across the slag grain exceeds 15 per cent in wrought 
iron, cracks are likely to appear. There is nothing 
particularly definite about the 15 per cent, because 
the nature and extent of the slag enclosure modifies 
the limiting elongation. With steel, a greater amount 
of bending up than here shown is permissible; the 
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limit is set by other reasons, particularly by wear 
of rolls. 

A different action begins just as svon as the angle 
touches both rolls the whole length. The regular 
compression and elongation which forms the object 
of all rolling processes takes place between sections 
Sand 6. The amount of compression in the finishing 
pass is usually very small, so as not tu destroy the 
accuracy ot the final pass. A slight compression ts 
desirable, because it counteracts, to a certain extent, 
the loosening influence of the tension caused by the 
bending up process. The amount of lateral spreading 
which occurs in this pass is of interest. Above section 
6a development of the projected contact area has been 
shown. It is somewhat different for the top and 
hottom rolls. The contact area then is a rectangle of 
ratio of sides of about eight to one, which means that 
less than one-tenth of the displaced area will go into 
spreading. The pass, therefore, barely fills. No fin 
will be produced. 

Appendix. 

Buckling depends upon the pressure distribution 
in section AA, Fig. 3: To determine it, let P be the 
force per inch of length (the latter measured at right 
angles to the paper) acting in the center of width w, 
(see lig. 3). Then compressive stress in sections 


BB ts The stress in A.A is partly caused by 
W2 


direct compression and partly by bending. The direct 


. & 
compressive stress is —. The bending stress cannot 
W2 


be found by the commonly used formula, because all 
of the fibers (with the exception of an exceedingly 
narrow strip) are strained beyond the elastic hmit. 
Hence the pressure distribution is of the character 
indicated in Fig. 4. Let p be the bending stress, then, 
by a moment equation 
Pa=Ww.p X ’Yw.= &% pw’.. 
The maximum compressive stress then ts 


P Pa lag 49 


a SS ts 

Ww, Y4w.? W, 

Of course, this stress can never exceed the elastic 

limit by very much, because deformation begins at 

the elastic limit. From that standpoint the equation 

just given looks foolish and impossible. ‘The equation 

49 

has, however, the meaning that, 1f — F a | is 

we | w, J 


1 : , : 
yreater than —-, that deformation will begin at AA 
Ww, 


before it will begin at BB. [f, on the other hand, 


= is greater than im | H | then deformation 
Ww, Ww, w, J 

will begin at BB, before it will begin at AA. Deforma- 
tion will occur also at AA at the same time, however, 
but at a slower rate, and hence with a lower stress. 
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Modern Condenser Practice Considerations 


Choice of Condenser—Classification of Types and Their Limita- 

tions—Auxiliaries—Data Presented in Tables—Curves of Pump 

Test—Artificial Cooling of Water by Means of Cooling Towers. 
By D. D. PENDLETON. 


The types of condensers are surface, jet and barom- 
etric. For high-duty work, 28-inch vacuum or better, 
the type of condenser to be selected should be thor- 
oughly studied, taking into consideration the engineer- 
ing, physical and commercial conditions, and particu- 
larly the question of water with respect to: 

1. Quantity; 

2. Quality (clean, dirty, acid, etc., or suitability 
for boiler-feed purposes) ; 

3. Pumping head; 

4. Source (natural or artificial) ; 

5. Average temperature. 


In some localities the choice of type is determined 
by a practice of long standing, by certain prejudices, 
or by failure to properly investigate all phases of the 
situation. Pittsburgh and vicinity had for a long time 
the “barometric habit,” so to speak, this perhaps being 
due principally to the fact that the manufacturers of 
mill equipment, who usually furnished complete equip- 
ment of engines, condensers, etc., in a great many 
cases had only, the barometric to offer. Later the 
low type or centrifugal jet condenser appeared and 
was advocated for the same reason, the surface con- 


Fifty thousand square foot surface condenser, showing water 
outlet nozzle, tube plate and four-pass internal heater. 


From a consideration of these points may be deter- 
mined the commercial vacuum which it is practicable 
to maintain, always bearing in mind that the average 
log of a properly designed, rated and operated surface 
condenser will show a better vacuum than a jet ma- 
chine, and the latter in turn better than a barometric 
machine, due principally to the conditions as to aif 
leaks, air to be handled by air pump and exhaust 
piping losses. The surface machine also enables the 
condensate to be reclaimed in the shape of pure dis- 
tilled water for boiler feed, thus requiring only a mod- 
erate amount of make-up water to be treated or pur- 
chased in cases of unsuitable boiler-feed supply. 


A paper presented before the Engineers’ Society of West- 
ern Pennsylvania. The author ig district sales manager of 
the Wheeler Condenser & Engineering Co., Pittsburgh. 
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Twin low-head jet condenser for 20,000 kw. turbine, twin tail 
pumps and twin air pumps. 


denser usually being condemned without a hearing. 
Now the operating engineers are seriously studying 
their own problems, and in most cases using the type 
best suited to their conditions. After considering all 
the possible conditions which have been mentioned 
above, and which should apply to each individual case, 
the choice of a condenser should be made according to 
the power requirements and operating cost in connec- 
tion with the existing conditions. 

Assume a case of 40,000 pounds of steam per hour, 
28-inch vacuum, based on 30-inch barometer, and tem- 
perature of water 70 deg. F. The power requirements 
under these conditions will be as follows: 


Surface. 
The water required for a surface condenser is usu- 
ally based on 15 deg. difference, and for this case 
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would require 5,000 gallons per minute. Since the 
discharge should be sealed in order to obtain the 
benefit of the siphon effect, a head of 10 feet should be 
ample under ordinary circumstances. This would re- 
quire a water hp of 12.5, and with an efficiency of 75 
per cent on the centrifugal pump, a total pumping hp 
of 16.66 would be required. 

Using the wet and dry system the air pump would 
require approximately 6 hp and the condensate pump 
about 214 hp, or a total of approximately 25 hp. Ifa 
turbo air and condensate pump were used, 40 hp would 
be required, making a total of approximately 56.66 hp. 
Low-Type Jet. 

The water requirements of the low-type jet con- 
denser can be figured at a temperature difference of 
5 deg. This will require less water than the surface 
condenser, or 3,100 gallons per minute. The efficiency 
of the tail pump or removal pump on any jet condenser 


Twenty-five thousand square foot surface condenser, three- 
pass type for 5-degree difference for use with cooling 
pres Une hundred square foot standard surface con- 

enser. 


should not be figured at more than 50 per cent. In 
some cases it has been known to go as high as 60 or 65 
per cent. This, however, is extreme. A total pumping 
head of 36 feet is usually figured, this being the dis- 
charge head from the condenser, plus friction at the 
tail pump nozzle, which in this case would require 
approximately 27.9 water hp. At 50 per cent efficiency 
a total of 55.8 hp would be required for the removal 
pump alone. 

The direct-acting, reciprocating air pump would be 
twice as large as for the surface condenser and would 
require, say, 12 hp, making a total of 68 hp for the jet 
system. If a turbo air pump were used, 55 hp would 
be required, instead of 12 for the reciprocating pump, 
making a total of 111 hp. 


Barometric. 
The barometric condenser will require the same 
amount of water as the jet type, but the water may 
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be lifted to the condenser head against the total static 
head, from which may be subtracted the suction effect 
of the vacuum. With the source of the water at ap- 
proximately the same level as the hot-well discharge 
the net head on the barometric can be considered at 
30 feet, making a total of 23.25 water hp. The efh- 
ciency of the supply pump should be at least 70 per 
cent, making a total of 33 hp for same. The air pump 
being the same as for the jet, namely, 12 hp for the 
reciprocating, direct-acting pump and 55 hp for the 
turbo air pump, would make the totals 45 and 88 hp, 
respectively. The steam jet in place of the above- 
mentioned air pump would materially increase the air 
removal power requirements. 


From these cases we have: 

1. Surface—25 hp with direct-acting, reciprocating 
air pump and centrifugal hot-well pump; or 57 hp with 
the turbo air pump. 


Fifty thousand square foot surface condenser—Special water 
box 500 square foot surface condenser. 


2. Barometric—45 hp using direct-acting, recipro- 
cating air pump; or 88 hp with turbo air pump. 

3. Low-type jet—68 hp using direct-acting, recip- 
rocating air pump; or 111 hp using the turbo air pump. 


Limitations as to Types. 


There is no limit to the size of surface equipments 
—they are now being made in sizes from 100 square 
feet up to 70,000 square feet. 


The barometric is quite limited owing to the ex- 
pensive and almost impossible exhaust piping for 
large units. 

The low-level jet is also quite limited as to size, 
this being due to the removal or tail pump and air 
pump limitations and the power for driving the same. 
The practical limit for these two types seems to be 
7,500 to 10,000 kw, although there have been installed 
in certain cases twin jets on machines up to 45,000 kw. 
This was not through any engineering or practical 
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condition, but principally a matter of personal preter- 
ence business policy, or possibly of first cost, certainly 
not from an engineering’ standpoint. 

l‘or instance, a 20,000 kw turbine at 12.5 pounds 
per hp-hour, or 25,000 pounds of steam, would require 
at 15 deg. difference for surface work 31,250 gallons 
of water per minute at 70 deg. water and 28-inch 

vacuum, against a 10-foot head. This would require 
approximately 100 hp. 

The air and condensate pump of the hydraulic type 
requires 140 hp additional, or a total of 240 hp with 
one set of auxiliaries only. These can be duplicated, 
using one set as spare auxiliary equipment. If the 
wet and dry system be used the air pump and conden- 
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and it is in most cases doubtful if the overall efhciency 
will justify this extra cogt. 

[It should also be borne in mind that a turbine 
should be specially designed as to the low pressure 
blading, so as to handle without undue throttling the 
cnormous volumes of steam due to the high vacuum. 
If not so designed a back pressure is set up in the 
low pressure stages, thus defeating the results even 
though the condenser be designed for that specific 
duty. The failure to maintain specified overall duty 


48 in most cases blamed on the condenser. 


Auxiliaries. 


After fixing the type of condenser to be used the 
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sate pump would only require 56 hp, making a total 
of 156 hp. 

The jet of a 5-deg. difference would’ require 20,000 
gallons of water per minute against a 40-foot head if 
no booster pump were required, or approximately 400 
hp. The air pump would require about 250 more, 
making a total of 650 hp. 

The auxiliaries would have to be in pairs, with no 
possibility of having spares in reserve. There 1s no 
single dry vacuum pump manufactured large enough 
for this service. 

The development of the steam turbine during the 
past few years has been su rapid and the vacuum re- 
quirements by the manufacturers so severe in order 
for them to make certain guarantees as to economies, 
that little thought has been given to the condenser 
requirements in order to obtain this specifed vacuum. 
For this high duty, which is required in most cases, 
a definite hardship as to first cost and operating cost 
of the condenser has been placed upon the purchaser, 
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next step should be a study of the auxiliaries for the 
cquipment. These can be divided into two kinds: 


1—Motor-driven. 
2—Steam turbine or engine-driven. 


l. It is very easy to analyze the power require- 
ments of the motor-driven air pump, circulating pump, 
hot-well pump, etc., power being taken from the 
switchboard and representing power not available for 
sale or other use. 


2. The steam turbine or engine drive, however, 
brings up the question of the return of heat to the 
feed water, or heat balance, which often so compli- 
cates matters that we lose sight of the true power con- 
sumed. Roughly, 90 per cent of the steam heat of the 
auxiliaries will be returned as heat to the feed water, 
provided there is enough water of a suitable tempera- 
ture to absorb this heat. The amount of feed water 
available for absorbing this heat varies with the load 
of the main unit. The result is that at times of light 
load there is a grave danger of showing an excess of 
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exhaust steam. This militates to some extent against 
the use of steam-driven auxiliaries, and has led to the 
development of combined drives using turbines and 
motors. Another feature to be taken into cdnsidera- 
tion is the growing use of economizers in connection 
with the boilers; the colder the water the more work 
being done by the economizers. This also emphasizes 
the desirability of avoiding an excessive amount of 
exhaust steam. It should also be pointed out that the 
above conditions have resulted in more attention to 
the economy of auxiliary turbines, which in turn has 


POUNDS. OF CONDENSING WATER PER POUND 
OF EXHAUST STEAM 
(1000 B.t.u. per Pound) 


Difference 
between Dis- Entering Water Temperature Degrees F. 
Vecuom| Sparge Wate 
and Steam o °° 
Temperature | 40 50 
| ) 25.6 | 34.5 
5 29.4 41.7 
| 10 34.5 52.6 
290” 15 41.7 71.5 
| 20 52.6 111.0 
| 0 19.3 | 23.8 
| 5 21.3 27.0 
28.5" 10 23.8 31.2 
15 27.0 37.0 
20 31.2 45.5 
@ 16.3 19.6 
5 17.8 21.6. 
28.0’ 10 19.6 24.2 
15- 21.6 27.6 
20 24.3 32.0 
0) 13.4 15.4 
5 14.3 16.7 
27.0” 10 15.4 18.2 
15 16.7 20.0 
20 18.2 22.2 
0 11.7 13.3 
5 12.4 14.2 
26.0’’ 10 13.3 15.3 
15 14.2 16.5 
20 15.3 18.0 


resulted in the use of high-speed turbines with re- 
duction gears. 


Air Pumps. 
Air pumps are divided into several classes, as fol- 
lows: 


1. The old type direct-acting wet pump, being 


usually a standard steam-driven pump, sometimes of 
the suction valveless type. This cannot go above a 
26-inch vacuum. 

2. The rotative or flywheel direct-acting wet 
pump, such as the Edwards, Mullen, etc. There are 
also some well-known types of rotary pumps. All 
these have their qualifications. but only for a vacuum 
of less than 28.5 inches under any conditions, and thev 
are quite limited in size and capacity, not being prac- 
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ticable for over 40,000 pounds of steam per hour with 
a 28-inch vacuum. These are rarely used except for 
surface work. 

3. The direct-acting, rotative, low-speed, dry 
vacuum pump, when used in connection with a proper 
condensate pump, is really the most efficient in point 
of power consumption, and where space is available is 
practicable up to, say, 250,000 pounds of steam per 
hour with a 28-inch vacuum, but for jet or barometric 
work at the same vacuum for only about one-half that 
amount of steam. 

+. The hydraulic or turbo air pumps, such as the 
A. E. G., LeBlanc, or other suitable types, are very 
generally used and, although large consumers of pow- 
er, they are very well adapted to all types of work 
where economy of space, convenience of arrangement, 
layout, etc., make them more practicable than other 
types. 

5. The steam jet, which I mentioned above, has so 


water Horseoower 


RS Sse. : Plt tte 
i ; 2233 ibs oo LE $433 eses Hs Saw PSleSt == SS: 5552745 SSSss 3-7: 


tt et 


uw Sst et 
sn0oRSeet SSS re =: 
a) ° t+ SS ow SSS ee. b » 
~ . a dada ee a —* 
t St ot 21 SES PS LOSS SS Gress ~S1. ~ 
| 200 + +- -+ + $+ ose 
+t SES 2 ee ee 
SO pense | - ++ = +4 > = 
+. . =" oo - 
— 50 >>3-st- =: 
- aseeeeeeeeers aoe f-t:: 
as > 
Cc 000 $33 SSeS: ; 
E 60, oob-t —— petit ipibiijit ip eee g 
| SSSSe ites 333333 
© 70000} rs 3B 3952, potty + SSeS: 
AO ot =: 
90,000} 
| 


o,¢ ' re a er-Gac) cement 3b _ 


Curves of centrifugal pump test. 


far been confined principally to marine and ice machine 
work, the reason being the high steam consumption. 
For example, a steam jet using 1,600 pounds of steam 
per hour from tests, shows an air-handling capacity 
of about 13 cubic feet of free air per minute at 1.5 
inches partial pressure. This, I find in the example 
given, means on the same basis very nearly 4 per cent 
of the main unit power. The hydraulic pump using 
the same amount of steam with turbine drive would 
handle about 32.5 cubic feet of free air per minute 
under the same conditions. <A rotative, dry vacuum 
pump of the same capacity, 32.5 cubic feet per minute, 
would require about 900 pounds of steam per hour. 
Steam pressure approximately 100 pounds. 


In specifying an air pump, due consideration should 
be given the requirements under winter condttions 
with cold water. If condensing equipment ts designed 
for a 28-inch vacuum with 70-deg. water, the pur- 
chaser expect a corresponding 
vacuum with colder water. Wuth water at 35 deg. for 
surface work the theoretical vacuum, based on a 15- 
deg. difference, with a properly designed machine, 
should produce a 29.354-inch vacuum, and the same 


should reasonably 


for barometric or jet condensers based on a 5-deg. 
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difference. No such guarantee can be made commer- 
cially by any manufacturer and can be made at all 
only by designing and furnishing a decidedly abnormal 
air-pump or air-handling equipment. 


Condensate Pumps. 


These are of the single or two-stage standard cen- 
trifugal, steam turbine or motor-driven or of the direct- 
acting duplex type, with some means of control, such 
as a float, to insure continuous supply of water to the 


pump. 


Circulating Pumps. 
Circulating or supply pumps are usually of the cen- 


Hi 
i ) 
| 


Two 4,000 kw. barometric ejector condensers. 


trifugal type, turbine or motor-driven, or a combina- 
tion of both. 


Surface Condensers. 

The requirements, as to surface, depend upon sev- 
eral things; the amount of water available, or the 
advisable amount to be pumped from an unlimited 
supply, the temperature, and the practicable rate of 
heat transfer per square foot of surface per mean 
degree of temperature difference. This rating as to 
surface depends principally upon the amount of heat 
that can be dissipated practically by each square foot 
of surface, this being determined by the heat transfer 
per degree difference between the mean temperature 
of the circulating water and the temperature of the 
vacuum to be attempted. For instance, with a vacuum 
of 28 inches, having a temperature of 101 deg. F. and 
with 70-deg. water at a 5-deg. difference; that is, a 
final temperature 5 deg. below the temperature of the 
vacuum, we have a 26-deg. rise or 13 deg. mean tem- 
perature rise, giving a mean water temperature of 83 
deg. F., or 18 deg. mean temperature difference. As- 
suming 300 B.t.u. heat transfer per mean degree dif- 
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ference, each square foot of surface should then absorb 
5,400 B.t. u. 


At 10 deg. difference we have a 21-deg. rise, or 10.5 
deg. mean rise, or a mean water temperature of 80.5 
deg., or a mean temperature difference of 20.5 deg., 
which at 300 B.t.u. heat transfer would require each 
square foot of surface to absorb 6,150 B. t. u. 


At 15 deg. difference we have 16 deg. rise, 8 deg. 
mean rise, 78 deg. mean water temperature, 23 deg. 
mean temperature difference at 300 B.t. u. heat trans- 
fer, or 6,900 B.t. u. per square foot. 


At 20 deg. difference we have 11 -deg. rise, 5.5 deg. 
mean rise, 75.5 deg. mean water temperature, 25.5 deg. 
mean temperature difference at 300 B.t.u. heat trans- 
fer, or 7,650 B. t. u. per square foot. 


The water quantities for each pound of steam at 
1,000 B.t.u. per pound would be in the above cases 
38.5, 47.6, 62.5 and 90 pounds, respectively. 


At high vacuum the specific volume of steam be- 
comes enormous; 339.6 cubic feet for a 28-inch vacuum 
and 1,259 cubic feet for a 29.5-inch vacuum, and the 
addition of surface or baffles to a condenser of ordi- 
nary design may entirely defeat the purpose of the 
designer because of the increased resistance to the 
flow of steam between the tubes and through the con 
denser. Particular attention should, therefore be paid 
to providing steam lanes, or to the proper arrange- 
ment of tube banks, so as to keep down this resistance 
of flow to a minimum. In some well-known cases 
removal of 10 to 20 per cent of the tube surface has 
materially increased the vacuum. 


Water and Surface Ratings. 

The quantity of water available and the tempera- 
ture usually determine the vacuum which it is prac- 
ticable to maintain. This quantity can be varied for 
the same vacuum by varying the assumed terminal 
temperature difference, which will directly vary the 
surface for any given rate of heat transfer. A terminal 
temperature difference of 5, 10, 15 or 20 deg. can be 
used, and a ratio of heat transfer from 300 to 500 can 
be used. For standard commercial work a terminal 
temperature difference of 15 deg. is usually conceded 
to be the best practice, and a heat transfer of from 
300 to 350 is conceded to be the most conservative. 


This gives an idea of what may be accomplished 
in relation to water quantities, and of course if the 
surface be reduced in proportion to the rate of heat 
transfer (350, 400, 450 or 500 B.t.u. per mean degree 
difference) it would materially reduce the cost, but 
decrease the margin of safety for overloads and fouled 
tubes. 


Regarding the surface per kw upon which we see 
so much discussion, no condenser is ever rated by kw, 
but by pounds of steam per hour, and in all cases the 
B.t.u. per pound of steam should be given. In a 
recent paper before the Boston Societies the following 
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statement was made as to surface for certain installa- 
tions: ' 


Turb. Sq. ft. Sq. ft. 


Station capacity surf. per kw 
Waterside. NG 25-066 sees ee bes 22,000 25,000 1.14 
Waterside NG: 2. 42.04 d00nee5e 30,000 50,000 1.66 
BOStOn  ClOVated « cccesecanlonius sale’ 35,000 50,000 1.43 
Gold street, Brooklyn........... 22,000 35,000 1.59 
Fisk. street, Chicago: <sic<0.s00e. 25,000 40,000 1.60 
Northwest Chicago .........08: 30,000 50,000 1.66 
Seventy-fourth street, New York 30,000 50,000 1.66 
PIETMEG Sek Facts oOo or eS Cis CORRS 20,000 33,000 1.65 


I wish to bring to your attention some other recent 
installations, surface specified, with guarantees: 


Turbine Sq. ft. 
cap.kw surface 


Lb. st. Vacuum Temp. 
perhour guar. cir. water 


Surface 
per kw 


20,000 35,000 75° 268,000 rd 83° 
25,000 45,000 1.8’ 285,000 28” for 
30,000 45,000 pe 385,000 28.4” 70° 
15,000 26,000 1.73" 190,000 28” 70° 
30,000 60,850 2.02' 345,000 _ 28.5” 0° 
15.000 26,300 1.75’ 147,000 28.55” 70° 


Water Velocities for Surface Condensers. 

Regarding the much-discussed subject of water 
velocities for surface condensers, eminently good en- 
gineers have advocated as high as 10 feet per second, 
stating emphatically that 8 feet is conceded to be 
practical and standard. 

Since from tests of well-known large condensers a 
velocity of 4.7 feet per second seems to be the average. 
we will assume 5 feet. Now suppose that this velocity 
be increased to 8 or 10 feet, you can readily figure 
the excessive power requirements for such conditions. 
All talk of 8 to 10 feet per second seems to be absurd 
in view of the fact that there are very few commercial 
plants in practical operation under this condition. 

By plotting the curve of head lost in the condenser 
against the discharge in gallons per minute on loga- 
rithmic paper, it is found that the head lost varies as 
the 1.75 power of the discharge; but since the velocity 
varies directly as the quantity of water we conclude 
that the head lost varies according to the 1.75 power 
of the velocity. This exponent is but slightly lower 
than the exponent 1.87 given in the American Civil 
Engineers’ Pocket Book, or the exponent 2 generally 
conceded an average value. As the water hp depends 
upon the quantity times the head, the hp should vary 
as the cube of the velocity. It is found, by plotting the 
water hp curve, that the exponent is 2.9; that is, the 
hp varies as the 2.9 power of the gallons per minute, 
or of the velocity through the condenser tubes. As- 
suming a water velocity of 5 feet per second and 30,000 
gallons per minute, by increasing this velocity to 10 
feet per second the head loss in the condenser would 
be 35 feet, making a total head of 52 feet, instead of 
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10 and 15 feet; and a water hp of over 800, instead 
of 112. 


Low Level Type Jet Condensers. 


Water ‘quantities are usually figured at a 5-deg. 
terminal difference as standard practice, although re- 
sults have easily been obtained at the temperature of 
the vacuum or a 100 per cent water efficiency. The 
removal or'tail pump, as already stated, requires the 
larger amount of power. With the usual river con- 
ditions the water has to be supplied to a cold well by a 
booster pump, drawn into the condenser by suction, 
and expelled against the vacuum plus any friction and 
outside static head. The booster pump power has not 
been considered in the example of power requirements 


- 


Natural draft chimney type cooling tower. 


for the types already given. The air pump is required 
to remove air coming in with the water, as well as air 
entering through leaks in the exhaust or other piping, 
and air entering with the steam. 


‘Barometric Condenser. 


Here also the water quantities are figured as in the 


low-type jet machine. The water supply can be more 


easily obtained in that it can be pumped directly to the 
barometric head without booster or auxiliary pumps. 
The air pump requirements are the same as in the low- 
type jet. The efficiency of the booster pump for the 
low-type jet, when required, and of the supply pump 
for the barometric can be assumed as standard, con- 
sistent with good centrifugal pump design at a given 
head and quantity, but the removal pump efficiency 
for the jet is seldom over 50 to 60 per cent owing 
to the low velocity of the entering water in the impeller 
when pumping from a vacuum. The barometric type, 
therefore, as far as power requirements are concerned, 
is more efficient than the jet and less efficient than the 


Cy iq ia | il rr 


UNIVERSITY OF CHICAGO 


ny De Blast Fam 


surface type. No condensate is reclaimed for boiler- 
feed purposes in either case. 


Artificial Cooling of Water. 

Where water supply is a serious problem some arti- 
ficial method of cooling a given supply of circulating 
water is employed. This is done in several ways. 

Cooling Towers—1l. Natural-draft, enclosed type. 
2. Natural-draft, open or rack type. 3. Forced-draft. 
4+. Combined forced and natural-draft. 

In standard cooling tower practice it has been de- 
termined that with the air temperature at 75 deg. I. 
and at 70 per cent relative humidity. the most eco- 
nomical vacuum to attempt is 27 inches, based on a 
30-inch barometer, or a vacuum having a temperature 
of 115 deg. F. Rating all three types of condenser on 
a 5-deg. difference, thus requiring a minimum, uniform 
amount of water, it will be necessary to cool the water 
from 110 deg. F. Commercially, under the given air 
conditions, it has been found practicable to cool to only 
85 deg. F. or sometimes to 80 deg. F°., giving a 25 or 
30-deg. cooling range, which with steam at 1,000 B.t.u. 
per pound would require 40 and 33.3 pounds of water 
per pound of steam, respectively. 

The type of equipment to select would depend upon 
existing local conditions, such as.space available and 
power consumption. The natural-draft open type re- 


quires more ground space and can be placed only_ 


where the vapors and driftage will do no harm to sur- 
rounding buildings or property, being seriously af- 
fected by wind conditions. This type requires a pump- 
ing head of approximately 30 feet and no other power. 
The natural-draft enclosed chimnev type takes less 
ground space. The chimney or stack is usually about 
/> feet high, this causing a positive draft at all times. 
It requires a pumping head of about 25 feet and no 
other power, and will be practically independent of 
wind conditions. The forced-draft tvpe requires less 
Hoor space than any other type. but requires a pump- 
ing head of about 30 to 35 feet. and an additional 
amount of power for driving the fans. giving a draft 
independent of atmospheric conditions. The combina- 
tion forced-draft and natural-draft tower requires less 
oor space than the chimney type natural-draft ma- 
chine and more than the forced-draft machine, and 
requires about the same pumping head as the natural- 
draft chimnev machine, plus the power to drive the 
fans when operating under forced-draft conditions. 
This type has the advantage of conservation of power 
under favorable atmospheric conditions, or of. combin- 
ing the forced and natural-draft under adverse con- 
ditions. 

Spray Ponds; Spray Nozzles—It is impossible to 
state generally the area of a pond for a given quantity 
of water, but. generally speaking, at a working pres: 
sure of six to seven pounds on the spray nozzles, a 
pond of 3 square feet per gallon of water sprayed will 
be necessarv. There are quite a number of details to 
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be considered, all having vital bearing on the subject 
of spray nozzle cooling. First, for spray nozzles the 
couling effect can-be increased by increasing the pres- 
sure at the nozzle. An increase of from 5 to 20 
pounds would show an increase of from 1 to 12 per 
cent in cooling. The size of the nozzle should also be 
considered. Assuming a given size nozzle as rated 
at 100 per cent, an increase of up to 135 per.cent can 
be obtained by decreasing the size, while by increasing 
the size a decrease of 60 per cent will be shown in the 
rated efficiency or cooling effect. The size of the pond 
or its storage capacity is a very valuable asset, in that 
the greater the storage volume the more time it re- 
quires in continuous service to pass it through the 
condenser. This time causes and equals what is called 
the lag in the pond temperature. The greater the lag 
the lower will be the average temperature in the pond. 
‘Therefore, the mean atmospheric conditions over the 
lag period can be assumed. Sprays are usually ar- 
ranged in groups, so that free access by the air can be 
obtained at all times. The groups are arranged in 
single or double deck, depending upon the space con- 
ditions. 

Natural Cooling Ponds—The area of a natural cool- 
ing pond is obviously very large, as the heat dissipated 
per square foot depends upon the relative humidity. 
the temperature of the water and the velocity of the 
air currents. These are naturally, on account of varied 
conditions, very discordant. 

Quoting from G. I. Gebhardt’s “Steam Power Plant 
engineering :"* 

“It appears from tests that under ordinary condi- 
tions, in the northern part of the United States, with 
engines using 15 pounds of water per hp-hour and a 
vacuum of 26 inches, a reservoir having a surface of 
120 square feet per hp would be ample for cooling the 
condensing water.” 

This would mean about 60 square feet for each 
yallon of condensing water for a 26-inch vacuum. 
which, of course, would be greatly increased for a 
higher vacuum. The advantages. therefore, are, of 
course, with spraying under pressure. 

In any water-cooling device 90 per cent of the 
cooling effect is through evaporation, and it is there- 
fore of vital importance that sufficient unsaturated air 
be given free access to the proper quantity of water. 
The air in all cases should go off the tower or pond in 
i saturated condition. 


I want to call attention here to the government rec- 
ords. These are usually taken at 8 a. m. and 8 p. m. 
and not as they prevail during the day, and under ordi- 


nary conditions existing in this country the relative 


humidity falls as the temperature rises during the day. 
or increases slightly as the temperature falls. 


* Ed. 4, 1913. p. $17, quating W. Ro Ruggles. Proce. ALS. 


M. EE. April, 1912. p. 607. 
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Problems of Hot Blast Stove Design 


Calculations, Curves and Tables Presented Showing Methods 
of Computing Problems Involving the Combustion of Blast 
Furnace Gas. 


By A. D. WILLIAMS. 


In order to consider the design features of the hot 
blast stove it is necessary to approximate the flame 
temperature which may be expected from different 
proportions of the air supply and the effects of pre- 
heating either the air or the gas, or both. A set of 
curves covering a part of this ground was given on 
page 79 of the February issue. Fig. 1 shows a portion 
of this curve plotted to a larger scale and with addi- 
tional data. 

Practically all of the useful data covering heat 
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Fig. 1—Flame temperature curve. 


transmission and the approximation of flame tempera- 
tures is given in metric units and owing to the fact 
that, in this system, the units of volume and weight 
are derived from the unit of length, the necessary com- 
putations may be made with one-third the labor re- 
quired to attain the same result with English units. 
From the work of Bertholet and Vieille we have ar- 
rived at a knowledge of the heat released by the com- 
bustton or oxidation of various substances, while Mal- 
lard and Le Chatelier determined the heat capacity of 


All temperatures Centigrade deg. 
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certain gases in the course of their investigations of 
explosives for the Commission du Grisou, appointed 
by the French government. | 

The heat of combustion at constant pressure of 
any body, simple or having a definite chemical com- 
position, is the number of calories released by the 
combination with oxygen of the number of grammes 
of this body equal to its molecular weight, both the 
combustible and the oxygen having an initial tempera- 
ture of 15 deg. 

When the body is a gas or may assume the gaseous 
state, the molecular weight in grammes is equal to. 
the weight of the substance which in the gaseous state 
occupies the same volume as that of two grammes of 
hydrogen. at 0 deg. and 760 mm, that is, 22.32 liters or 
O m® 02232. 

All chemical formulas are based upon the combina- 
tion of molecules and when volumes are used instead 
of weights the numerical work involved is very much 
simpler. The use of the molecular volume also permits 
a convenient translation from volumes to absolute 
weights by means of the molecular weights of the sub- 
stances. 


TABLE I. 
Heat Released by the Oxidation of the Principle 
Combustibles. 
Water assumed to remain as a vapor. 

Weight Calories 

Substance grammes re- 
burnt, Mole- per leased at 
one molecular cular mole- Reaction constant 
volume formula cule - of combustion pressure 
Hydrogen ......... H, 2 H,+0.5 0,= H,0 58.2 
Carbon ........... Ce 12) ©+05 0,=CO 29.4 
Carvon ss csseceses Cc 12 C+ 0,= CO, * 97.6 
Carbon Monoxide... CO 2 8606€0+05 0,= CO, 68.2 
Methane (Formene) CH, 14600 «CH, +2 0, = CO, + 2H,0 198.2 
Acetylene .......... C,H, 2% C,H,+2.5 0,=2CO,+H,O 3049 
Ethylene ........ i= 3CLH, 2 # (,H,+3 0, =2C0, + 2H,0 319.6 
Ethane ............ C,H, 30 C,H,+3.5 0,=2C0O,+38H,O0 839.9 
Sulphur ........... Ss 32. S+0,;=SO0, . 00.2 
Sulphur ........... Ss $2. 8§+150,= C0, 918 

TABLE II. 


Molecu- 
Substance Mole- lar 


burned cu- wt.gr. O, required Products of combuation 
one lar per volumes RKequired volumes 
molecular form- mol. for for To- N, ir 
volume nla vol. H, © tal vols. vols. CO CO, H,O N= Total 
Hydrogen H. 2.0.5 ... 08 101 247)... ... 10 191 2.01 
Carbon to Co CC 12)... 0.5 05 1.91 2.41 10 ... ... 191 2.91 
Carbon to CO, 12 10 10 381 4.81... 1.0 ... 3.81 4.81 
Carbon Mon- 
oxide - C(O YW... O50 0.5 1.91 241... 10 ... 1.81 2.81 
Methane .... CH, 16 10 1.0 2.0 7.62 9.62 ... 10 2.0 7.62 10.62 
Acetylene ... C,H, 26 0.4 2.0 25 9.58 12.08 ... 2.0 1.0 9.58 12.58 
Ethylene ... CN, 2 1.0 2.0 3.0 1143 14.48... 2.0 2.0 11.43 15.48 
Ethane ..... CUH, 30 1.5 2.0 3.5 13.34 16.84 ... 2.0 3.0 13.34 18.34 
Benzene...... C,H, 7S 1.5 6.0 7.5 28.59 36.09 ... 6.0 3.0 28.50 $7.80 
SO. 
Sulphur .... S bl 1.0 3.81 481 Au eed 3.81 4.81 
Sulphur .... 8S so... 0...) «6150 5.72 7.22 so mt 5.72 6.72 
Volumes can be valued in cubic feet or meters. 
Combustion Volumes: Molecular, Neutral Combustion, 


Me lhe Blast Furnace@ Steel Plant 


The heats of combustion given in this table are 
those at a constant pressure and assuming, in the case 
of the hydrogen, that the water is not condensed. 
These are the conditions under which combustion oc- 
curs in practice, where the furnace pressure 1s very 
close to atmospheric pressure and the water vapor is 
carried away in the off gases without condensation in 
the furnace. 


In practice, however, the oxygen for combustion is 
supplied by the air and is, therefore, diluted by the 
accompanying nitrogen and a small amount of water 
vapor. 


Dry air: ORV OCW (eccecd sce ty ae 20.8 volumes. 
NITPORON: anicswn oaawaeaes 79.2 volumes. 
Average air: OXVEEN cs cceewaceevicas 20.4 volumes. 
Water VapOr acres pedia cd 2.0 volumes. 


NitrOgem 2 yaad euae uns oe 77.6 volumes. 


Table II shows the amount of oxygen required for 
a number of the usual combustibles and the volume of 
dry air and accompanying nitrogen and the products 
of combustion. The calculations, however, may be 
‘greatly simplified if it is assumed that the air com- 
prises 20 volumes of oxygen and 80 volumes of nitro- 
gen, or one molecule of oxygen for four of nitrogen, 
neglecting the water vapor. The effect of this approxi- 
mation is that it causes a slight error in the computed 
temperature of combustion, but this error is negligible 
in practice. 

The temperatures of combustion as computed as- 
sume that combustion occurs in an athermal chamber ; 
that is, that the entire amount of heat released is 
absorbed by the gases of combustion. In practice a 
portion of this heat passes into the walls of the com- 
bustion chamber. These walls may be of gaseous or 
solid material and will result in a considerable lower- 
ing of the flame temperature, depending, of course, 
upon their initial temperature. It is well known that 
a hot enclosure will show a higher flame tempera- 
ture than the same enclosure when comparatively 
cold. In dealing with solid combustibles a portion 
of the heat is expended in raising the temperature ol 
the combustible and is lost in the hot ashes. All of 
these heat losses are peculiar to each particular heat. 
generating chamber and cannot be allowed for in any 
generally applicable method of computation. Approx- 
imately the flame temperature resulting from the com- 
bustion of coal will be about 50 to 70 per cent of the 
theoretical flame temperature and with gaseous com: 
bustibles from 50 to 90 per cent of the theoretical, de- 
pending upon the furnace, and the character of com- 
bustion. 


Combustion may occur with a reducing flame, a 
neutral flame or an oxidizing flame. The blast furnace 
and many smelting furnaces, as well as the gas pro- 
ducer typify combustion with a reducing flame, the 
supply of oxygen being less than that required to 
satisfy the combustible elements. In the smelting 
furnaces this acts to cause the taking up of oxygen 
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TABLE III. 
Heat Capacity of Gases per Mol. Vol. 22.326. 

N, 0O, 

28 16 
H, CO H,0O co, CH, 

Temperature 2 28 18 grammes 44 grammes 16 grammes 

0 0 0 0 0 
200 deg. ....... 1.39 1,73 1.85 2.19 
400 deg. ....... 2.82 3.69 3.99 4.85 
600 deg. ....... 4.31 5.87 6.44 8.02 
800 deg. ....... 5.82 8.23 9.07 11.46 
1,000 deg. ....... F.43 10.98 12.42 15.77 
1,200 deg. ....... 9.05 13.87 15.55 20.37 
1,400 deg. ....... 10.73 17.00 19.18 25.44 
1,600 deg. ....... 12.46 20.35 23.10 30.99 
1,800 deg. ....... 14.21 23.86 27.21 35.86 
2,000 deg. ....... 16.05 27.76 31.84 43.55 
2,200 deg. ....... 17.91 31.82 38.65 50.54 
2,400 deg. ...... : 19.84 36.10 41.76 58.02 
2,600 deg. ....... 21.81 40.62 47.16 66.04 
2,800 deg. ....... 23.82 45.64 52.84 74.42 


Combustion: Heat Capacity of Gases. 


from the charged metallic or other oxides. The neu- 
tral flame is obtained when the oxygen supply is suf- 
ficient to satisfy the requirements of the combustible 
elements. The nearest approximation to this in prac- 
tice is the so-called “surface combustion” system. The 
oxidizing flame or one containing an excess supply of 
oxygen is the one used in the majority of industrial 
heat applications. 


The heat capacity of a gas or a mixture of gases 
is the amount of heat required to raise the gas from 
an initial temperature to a final temperature. That is, 
it is the number of calories which will be absorbed 
or given out by the gas between two temperatures. 
The specific heat of a gas at any temperature may be 
easily deduced from its heat’ capacity, as it is a func- 
tion of the heat capacity; but the heat capacity be- 
tween two given temperatures cannot be derived from 
the average specific heat of the gas between 0 and 100 
deg. Mallard and Le Chatelier have derived the 
formulas for the heat capacity of a molecular volume 
of various gases by measuring the pressure produced 
by their explosion. Table III gives values computed 
from their formulas for temperatures from 0 to 2,800 
deg. at intervals of 200 deg. 


The use of the foregoing data is well illustrated 
11 the accompanying computation tables from which 


‘TABLE IV. 
Volu- 
metric Calories re- Weight of gas 
com- leased per Calories grammes per 100 

position mol. vol. released per mol. mol. vols. 
Hy eens 3.92 58.2 229°. 2 7.84 
CO vines 23.05 68.2 1,630 28 671.00 
Oy. ie ayoecnn’s 0.39 otixs re 16 6.24 
CO, teers 12.96 nee ee 44 - 568.00 
HO: 2c04 1.65 dete fue 18 29.80 
ee 57.13 28 1,605.00 

100.00 1,859 2,887.88 


1,859 + 2.232 = 835 cal. m3. 
2888.88 — 2.232 = 1 kg. 30 per m*. 
1.30 + 1.29 = 1.01 specific gravity. 


|: eee 3.92 
COrie nas 23.95 
On Seca 0.39 
New dene 57.13 

85.39 
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TABLE V. 
Combustion. 
Neutral 10 per cent Ex. 20 per cent Ex. 40 per cent Ex. 80 per cent Ex. 
0, H,O co, N, O, N, O, N, O, N, O, N, 
FL, ect ons elie ecu ane 3.92 1.96 3.92 aces, 7.84 2.16 8.64 2.35 9.40 2.76 11.04 3.52 14.08 
COs: Bese cee ee Baer Sy 23.95 11.98  ...... 23.95 47.92 13.15 52.00 14.35 57.40 16.75 67.00 21.50 86.00 
Din eer eisatsed Spe al Sad cacy . 0.39 ae ee tae? ot res skal Mike uid 
CO. sinsccetncarunianertcotians 12.96 chan hati 12.96 
HO: agahcesdad ecu aoe 1.65 1.65 Pit case | tenis sade eat een Leia he ae er 
Ni Soke acl ata anaes akeuls 57.13 57.18 57.13 ae 57.13 sie 57.13 Sakae 57.13 
13.94 5.57 36.91 112.89 1531 11837 16.70 123.93 19.51 135.17 25.02 157.21 
Deduct ......cccccccccuccceceuceee 0.39 ae 1.56 0.39 1.56 0.39 1.56 0.39 15 0.39 1.56 
13.55 ah, 111.33 1492 116.81 16.31 12237 19.12 133.61 24.63 155.65 
‘ay. gle 11 ene ne ee se ee 5.57 36.91 111.33 
EXCOSS Ooo aisigacns tae outeddseinees 0.0 1.37 2.76 5.57 11.08 
Vol, Off Gas... eee eee eeeeeecteees 153.81 160.66 167.61 181.66 210.21 
sr TE © | cee an ne ene ey 67.75 74.60 81.55 95.60 123.15 
Excess AIP... cc. .ccccecceecceueteces 0.0 6.85 13.80 27.85 55.40 
TABLE VI. TABLE VIII. 
Volumetric Composition of Off Gases and Air Supply. Airsupply 139° 282 431 682 7.43 
Wt. per Air mol. vols. 200° 400° 00° 800° 1,000° 
3 3 
HO 86CO, 0, N mkg. m Neutral combustion.... 67.75 95 190 202 394-504 


Neutral combustion .... 3.63 24.00 0.0 42.37 1.41 0.68 
10 Per cent excess air.. 3.46 22.99 0.86 72.69 1.39 0.75 
20 Per cent excess air.. 3.32 22.03 1.64 73.01 1.38 0.82 
40 Per cent excess air... 3.06 20.06 3.06 73.82 1.37 0.06 
SO Per cent excess air.. 2.67 17.70 5.28 74.34 1.34 1.23 


TABLE VII. 
Heat Capacity Off Gas and Gas. 
Mol.Vols 200° 400° 600° 800° 2,000° 
Mol. Vols. 200° 400° = 600°. 800° =: 1,000 


EG: ecto nea eeiiees: 5.57 10 21 33 46 61 
UO... sevecdataagnasin: 36.91 68 147 238 335 459 
Be peeuteceetetees 111.33 155 316 480 647 826 
233 484 751 «1,028 —s«1,346 

. 1,200° —-1,400°—-1,600° —-1,800° _2,000° ~—-2,200° 

HO%? Seneelseus Sea 77 95 114 133 155 178 
CO. sels 575 709 81 1,005 1.180 1,355 
Ne oneaderaees 1010 1,198 1,380 1,585 1,785 1,990 


1,662 2,002 2,345 2,723 3,120 3,523 
Mol. Vols. 200° 400° 600° 800° 1,000° 


H,+CO+0,+N,.. 85.39 118 246 366 495. 630 
HO. She ueeicsants 1.65 3 6 10 13 18 
CO: Jalielagusn 12.96 24 52 83 117 160 


165 304 459 625 808 


the curves given in Fig. 1 have been plotted. The 
same data was used in plotting the curves given in the 
issue of February. 


Table IV shows the computations for the heat re- 
leased by combustion and the weight of the gas. 


Table V shows the combustion computations for 
the gas burnt with the theoretical air supply and with 
the various percentages of excess air. This table gives 
the composition of the off gases, the volume of off 
gases resulting from the combustion of 100 molecular 
volumes of gas, the excess of oxygen, the excess of air 
supplied and the volume of air supplied. 


Table VI shows the volumetric composition of the 
off gases, the specific weight of the off gases and the 
air supply per unit volume of. gas. 


Table VII shows the computations of the heat ca- 
pacity of the off gases for neutral combustion and the 
heat capacity of the unburnt gas. The values are. 
obtained by multiplying the number of molecular vo - 
umes of the different gases by the unit heat capacities 
given in Table ITI. 
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10 Per cent excess air.. 74.00 104 210 322 435 556 
20 Per cent excess air.. 81.55 112 230 BHO 475 606 
10 Per cent excess air.. 5.60 133 270 412 556 710 


S) Per cent excess air... 123.15 171 347 529 715 914 
TABLE IX. 
Heat Capacity Off Gas and Excess Air. 
Tem- 10% Excess 20% Excess 40% Excess 80% Excess 
perature Neutral Add Total Add Total Add Total Add Total 
2 deg..... 233 10 243 19 252 38 271 77 310 
400 deg..... 484 19 133 39 523 78 562 156 640 
(00 deg..... rts) | 29 780 59 810 119 670 238 989 
SOO deg..... 1,028 40 1,068 731,101 161 1,189 322 1,350 
1,000 deg..... 1,346 51°61,397 102 1,448 206 1,552 412 1,758 
1200 deg..... 1,662 62 1,724 124 1,786 250 1,912 501 2,163 
14100 deg..... 2,002 732.075 148 2,150 (“297 2,299 599 2,601 
1000 deg..... 2,345 8) 2420 171 2,516 3844 2.699 689 3,034 
1,800 deg..... 2,723 97 2820 194 2.917 394 3.117 788 3,511 
2000 deg..... 3.120 110 3.230 220 3,340 445 3,565 aie ~ Levees 
2,200 deg..... 3,523 wage adele Sava ages atase* \eeteey ee 
O, + N...... ere ... 685  ... 18.80  ... 27.85 ... 65.40 
TABLE X. 


Heat Released by Combustion. 
Neutral 10% Ex. 20% Ex. 40% Ex. 80% Ex. 


Gas cold—Air cold..... - 1859 


Gas cold—Alir 200°...... 1054 1963 1971 1992 2030 
Gas 200°—Air cold...... 2024 Saat whe iets ates 
Gas 200°—Alir 200°...... 2119 2128 2131 2152 2195 
Gas cold—Air 400°...... 2049 2069 2089 2199 2206 
Gas 400°—Air cold...... 2163 oe eee ave ee 
yas 400°—Air 400°...... 23093 2373 2393 2433 2510 
Gas cold—Air 600°...... 2151 2181 2211 2271 2388 
Gas 600°—Air cold...... 2318 biases é dives eee spsise 
Gas €00°—Air 600°...... 2610 2640 2670 730 2877 
Gas cold—Atir §00°...... 2253 2294 2334 2415 2574 
G;as 800°—Air cold...... 2484 ines wae va bs Seale 
Gas 800°—Alir 800°...... 2878 2919 2059 3040 3109 
Gas cold—Air 1,000°..... 2263 2415 2464 2569 713 
Gas 1,000°—Air cold..... 2667 iat sh bsiae Pere pees 

Gas 1,000°—Air 1,000°.... 3171 3223 3272 3277 $081 


Table VIII shows the computation of the heat ca- 
pacity of the air supplies derived in the same manner 
as Table VII. 

Table IX shows the computation of the heat ca- 
pacity of the off gases resulting from combustion with 
various excess air supplies. 


The curves in Fig. 1 marked: 


Neutral combustion 
10 Per cent excess air 
20 Per cent excess air 
40 Per cent excess air 
an 80 Per cent excess air 


vs 
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were plotted from the values in Tables VII and IX. 

Table IX shows the heat released by combustion 
with a number of different conditions of preheated air, 
preheated gas, cold air and cold gas. This table was 
derived by adding to the heat value of the gas in 
Table IV, the heat capacity of the gas at various 
temperatures from Table VII and the heat capacity 
of the air supply at various temperatures from Ta- 
ble VIII. 

The points given in Table X were then located on 
the curves previously drawn in lig. 1 and curves or 
straight lines drawn through these points. The inter- 
section points give the theoretical flame temperatures 
fer the different combustion conditions and enable an 


approximation of the heat released and the theoretical 
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flame temperature for other combustion conditions to 
be made by interpolation. 

These curves show that a considerable gain in 
temperature may be obtained by preheating the air 
and the gas and from them the amount of additional 
gas to obtain this preheating may be approximated. 
In order to do this last, however, the lower portion of 
the curve 1s necessary. 

This curve shows that with preheating this gas 
might possibly be used for the melting of steel or for 
heating turnaces as well as for heating the blast for 
the furnace. 

These methods may be applied to other gases and 
to solid, pulverized or liquid fuels, and while purely 
theoretical they will throw a very interesting light 
upon furnace operation. 


Copyrighted, 1918, by A. D. Williams. 


Prevention of Blast Furnace Breakouts 


Bureau of Mines Bulletin Deals With the Causes and the Develop- 
ment of the Methods of Prevention of Bosh, Hearth, Jacket and 
Tapping Hole Breakouts. 

By F. H. WILCOX. 


This bulletin, which is arranged in three parts, 
treats of the causes and prevention of blast furnace 
breakouts, explosions and slips. The first part dis- 
cusses blast furnace breakouts, the hazards therefrom, 
causes, and features of furnace design and methods of 
operation that tend to prevent breakouts or lessen 
their number, and points out safety measures to be 
adopted. The second part takes up the theory and 
causes of gas explosions at blast furnace plants and 
reviews the better methods in use for handling gas. 
The third part analyzes the causes of hanging and 
scaffoldipg in blast furnaces, with the resulting slips 
that frequently cause injury to the plant and danger 
to the workmen, describes features of construction 
and furnace design and methods of operation employed 
to prevent hanging and slipping, and suggests precau- 
tions and safeguards. This article deals with the first 
part of the bulletin only. Abstracts of the second and 
third parts will appear in the following numbers. 

Owing to improvements in the design and opera- 
tion of blast furnace plants breakouts, explosions and 
slips are becoming more and more infrequent, so that 
only the old and widely experienced furnace men have 
wide amount of knowledge concerning these troubles. 
This, however, does not lessen their danger and im- 
portance, and it is the purpose of the bulletin to take 
up their causes and methods of prevention from a 
technical standpoint. 

Breakouts are classified according to the material 
that breaks out and also in relation to the location of 


An abstract of Bureau of Mines Bulletin 120. 
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the break: breakouts of the blast, gas and coke in the 
bosh, breakouts of slag or cinder at the tuyere breast, 
and breakouts of iron in the hearth. 


Bosh Breakouts. 

Bosh breakouts may be caused as follows: (1) By 
conditions inside the furnace, such as high pressure of 
blast, very heavy ships, or severe working on the 
hearth walls, all of which may lead to (2) breaking of 
the hearth bands, ejection of cooling plates, or parts 
of the brickwork between the bands and the plates, 
or (3) cracking and opening of bosh jackets. The 
second and third items may usually be traced back to 
deficient construction or questionable design. 


The development of bosh design was gradual up 
until about 1900, when changed conditions in the in- 
dustry began to make marked changes in construc- 
tion all over the blast furnace. It was, in brief. a 
progressive evolution; changes in fuel and ore re- 
quired more limyv slag, a more limy slag required 
hotter combustion, and this in turn required a stronger 
and hotter blast, which resulted in larger production, 
and larger production required better construction. 
Weaknesses developed, accidents happened. deficien- 
cles were corrected, and one improvement led to an- 
other until there are now two distinet types of bosh 
construction which, so far as may be conceived, are 
the last word in construction, design. strength and 
security. namely; the banded and the jacketed types 
Which are illustrated in ies. 1 and 2. 

The banded type of bosh ts largely used on furnaces 


running on Jake ores. It consists of brickwork in 
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Which are inserted five to eight. horizontal super- 
imposed rows ot brunze cooling plates. Heavy butt- 
riveted steel bands are placed around the brickwork 
between the rows of cooling plates to give it strength 
to resist bursting forces. The cooling plates are 
usually inserted through cast iron boxes. The boxes 
are used to help hold the brickwork in place when 
plates are. removed and to make possible the use of 
shorter plates. The bands rest on the plate boxes or 
bear on special supports provided to keep them from 
slipping down. The scouring action of the slag on the 
brickwork of this type of bosh is to gouge out deep 
recesses between the rows of cooler plates and render 
the path very rough to descending materials. [ft 
might be expected that sections of brickwork would 
be thrown out of place by severe blows caused by 
slips, but the areas that are not bound by the bands. 


Fig. 1—Banded type of bosh construction. 
cooler boxes, etc., are so small that such difficulties 
do not occur. 

The cooling effect of the plates is discussed at 
length in the bulletin, and a comparison is niade of 
the operation of furnaces operating with different 
numbers of plates, other conditions being as nearly 


the same as possible. The “safe” practice of over- 
cooling is common, especially in this country, and 
when carried to excess causes collections on the side 
of the bosh that impede the descent of the stock and 
cause slips. This also has a tendency to increase coke 
consumption. 

The bulletin makes exhaustive treatment of such 
subjects as: Use of plate boxes, brickwork construc- 
tion and strength, placing of plates, cooling water 
supply, and construction of bosh bands. 

The jacketed bosh is designed to get away from 
the excessive cost of the plate and band construction, 
and to eliminate the rough wall caused by irregular 
erosion around the cooler plates. In this construction 
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the bush is cntirely aiclosed by a riveted steel-plate 
jacket. “The lining is usually made very thin, 9 to 13 
inches, although a lining 24 inches thick is occasion- 
ally put in, and the exterior surface is cooled with a 
tilm of water, sprayed at the top, which in descending 
covers the plate work of the bosh and carries the heat 
away rapidly cnough to cool the brick lining of the 
hearth below the slag-forming point. In this way the 
cutting action of the slag is prevented. 

There are a number of systems for taking care of 
the cooling water and keeping the jacket covered with 
water. Annular and spiral troughs are used. Auxil- 
liry sprays are common. The jacket is sometimes 
supplemented with cast iron staves with water pipes 
cast in. There is also a modification in the form of 
a jacket, built up of cast iron segments with water 
pipes cast in. 

The author of the bulletin makes a comparison 
of the plate and band with the jacket type of con- 
struction with the following conclusion: In spite of 
the advantages of smoother slope, strength, cooling and 
tightness of the jacketed bosh, furnace men going 
from plants smelting lake ores to those using magne- 
tites, hard ores, cinders and local ores usually con- 
struct the bosh at the first relining, according to their 
former experience—that is, with plate and band con- 
struction—while those who have tried the jacketed 
bosh on lake ores express themselves as perfectly sat- 
ished with the plate and band bosh and have no desire 
tu try the jacketed bosh again. 


Tuyere Breast Breakouts. 


The tyuere breast is comprised in that part of the 
hearth which extends from the bottom of the bosh to 
the top of the hearth jacket. The brickwork at this 
point 1s 18 inches to 2 feet 9 inches thick and is built 
ot standard 9-inch brick inclosing the tuyere-cooler 
arches and cooling-plate openings. The tuyere breast 
in a modern 500-ton furnace is about 5 feet 6 inches 
high and the outside surface, with a 2-foot 6-inch wall 
inciosing a 17-foot hearth, 22 feet in outside diameter, 
's about 390 square feet, which is diminished by 12 
cuoler openings 30 inches in diameter and usually by 
36 cooler-plate openings 5 x 24 inches in size, mak- 
ing a total exposed surface of approximately 330 
square feet. 


The tuyere breast is subjected to the most violent 
actions in the furnace. Fhe temperature of combus- 
tion at the tuyeres may become as high as 3,300 deg. 
l*., which is enough to soften the best brick so it will 
yield under compression. The slag which is formed 
in and above this region passes over the lining at the 
tuyere breast and has a severe cutting action on the 
brickwork under certain conditions. The pressure of 
the blast within the walls has a tendency to burst the 
brickwork open and, in the case of a bad hang, this 
effect becomes very great. 

The chief factor in corrosion of the tuyere-breast 
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lining, however, is held to be erosion by the cutting 
action and back thrust of the blast and the particles 
carried in it at the high temperature and pressure 
of the hearth. 


The bronze cooling plates inserted, usually with- 
out boxes, in the spaces between the tuyere coolers 
give the greatest protection against the destructive 
effects just noted by keeping the brickwork cool and 
in a resistant condition. A row of plates is frequently 
found beneath the tuyere coolers. In others the 
water-cooled hearth jacket is built higher. The tuyere 
breast is reinforced against the bursting forces by 
cast steel or iron segments bound together by steel 
bands, or by a steel-plate jacket with holes cut for 
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Fig. 2—Jacketed type of bosh construction. 


cooler and plate openings. The latter form is most 
favored. A less common means of reinforcing is by 
two broad bands above and below the coolers, inclos- 
ing vertical buckstaves arranged between the tuyeres 
and the cooler plates. A packing space is provided 
which is tightly packed with clay, cement or asbestos. 

The blowpipes and eyesights are great danger 
points of a slag breakout. There are times when the 
slag will reach the level of the tuyeres and will not 
flow from the cinder notch. A slip will sometimes 
throw slag and molten iron into the blowpipes, bustle 
pipe and even over into the hot blast main and valves. 
Under these conditions the eyesights sometimes break 
and allow molten materials to pour forth, or a hole is 
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burned in one of the blowpipes. Many attempts have 
been made to devise means of preventing the slag 
coming into the blowpipes, but none of them can be 
called successful. Eyesights have received much at- 
tention and there are a number of types that are 
convenient and safe both from the standpoint of the 
observer looking in and from breakouts. The bulletin 
takes up all the subjects mentioned in full detail, and 
gives accounts of a number of tuyere-breast break- 
outs that exemplify the different kinds of troubles. 


Hearth Breakouts. 

During the past few years serious breakouts occur 
more frequently at the hearth than at the bosh and 
tuyere breast. In fact, this has always been so, but 
with small amounts of tron in the hearth the break- 
outs were not necessarily serious, especially as the 
blast pressure was not high. With increasing tonnage 
and fast driving, they assumed serious proportions, 
sometimes wrecking the furnace, occasionally costing 
lives, and almost always causing bad messes, delays 
and inconvenience. 

The destructive agencies within the hearth walls 
are as follows: (1) Erosion of the hearth walls by the 
blast, especially over the tapping hole; (2) disintegra- 
tion of the brickwork by the chemical action of liquid 
slag and iron; (3) mechanical action of fluid iron in 
penetrating the joints of the brickwork. The result 
of these attacks is indicated in Fig. 3. 

It is evident that the bringing down and accumu- 
lation of molten iron and slag in a zone of intensive 
combustion, pressure, and heat require exceptional 
construction. Improvement in strength, insulation and 
cooling has developed this part of furnace design to 
a point where plants at which one or more breakouts 
always occurred during a blast, have reduced the 
danger of breakouts to an almost negligible factor. 

One point should be kept in mind in regard to 
hearth breakouts, and that is—regardless of the thick- 
ness of hearth walls or the cooling intensity on the 
exterior, all furnaces become worn away on the inside 
in much the manner shown in Fig. 3, so that the 
wall becomes relatively thin and retains its form only 
by virtue of the cooling and reinforcement of a metal 
jacket. This condition is found in furnaces blown 
out even after a short run. The study of the cause 
of this condition and of means of holding the hearth 
walls after it has developed provide a basis for under- 
standing the occurrence of breakouts. 

The abrasion of the blast and the chemical action 
of the slag continue in the crucible until the brick- 
work becomes thin enough for the cooling effect of 
the hearth jacket to arrest the progress of destruc- 
tion. Great danger lies in not having the joints be- 
tween the bricks tightly fitted and bound in plate. 

When a crack is open to molten iron only vigorous 
cooling can chill the iron and stop the crack. If the 
crack opens suddenly a jet of molten metal reaches the 


April, 1918 


jacket and cuts through quickly and without warn- 
ing. The combating of breakouts through hearth 
walls above the tapping hole has developed standard 
forms of construction. Excessive thickness of hearth 
walls is liable to increase rather than decrease danger. 
Although there is a difference of opinion as to what 
the thickness of the walls should be, it generally lies 
between 3114 and 42 inches. 

Opinions and experience differ widely in regard to 
the use of packing between the brickwork and the 
hearth jacket. Probably if the packing is put in very 
tightly and offers sufficient resistance so that the ex- 
pansion of the brick will close every joint, and is not 
more than 2 inches thick, it offers the greatest security, 
both against breakouts and the possibility of crack- 
ing the jacket. 

There are a number of types of jackets in use. The 
twe most favored types are the rolled steel-plate jacket 
and the cast iron or steel jacket. The plate jacket is 
usually cylindrical with internal and external strap- 
butt riveted joints. Just within the jacket are placed 
a series of cast iron cooling plates, side by side, all 
around the hearth, A packing space is essential. The 
cast jacket 1s made up of water-cooled segments in 
the form of a truncated cone. It. is securely held to- 
gether by means of shrunk links and steel bands fast- 
ened with wedges. Variations of these two types of 
jackets are common in connection with methods of 
cooling and fastening. Cooling the jacket is the great 
problem. Outside cooling with sprays and a deep 
ditch was once general, but is now going out of use. 
The bulletin gives a thorough discussion of the meth- 
ods in practice. The following topics are also care- 
fully considered: Breakouts below the tapping hole; 
danger in using spray-cooled, steel-plate jackets; 
formation of salamanders; causes destroying hearth 
bottom and falls; rate of lowering of hearth bottoms, 
and danger from deep salamanders. In addition to 
this the author gives in detail a number of typical 
examples of hearth breakouts. 


Prevention of Breakouts Through Hearth Wall or 

Jacket. 

Thus far no material ever used in hearth bottoms 
has resisted the destructive agencies inside the hearth. 
Carbon bricks have been given a thorough tryout, both 
in this country and Europe with little success. Be- 
sides carbon brick, various other materials which 
would supposedly be more inert than firebrick to the 
chemical actions taking place, such as silica brick, 
magnesite brick, and bauxite or alumina brick, have 
been proposed for hearth brickwork. In a practical 
way these proposals have not met with any enthu- 
siasm, as furnace men feel that hearth failure 1s almost 
entirely due to chemical causes. All efforts in this 
country have been in the direction of better quality 
and uniformity of shape of firebrick, rigid construc- 
tion, efficiency in water cooling, and elimination of 
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danger elements in advance of impending or possible 
breakouts. 

' The bulletin gives a complete treatment of the 
subject of types of firebrick used in hearths and takes 
up such subjects as the use of concave bottoms, keyed 
bottoms, the conical jacket, and different shapes in the 
hearth, and methods of laying the bricks. 

The repeated experience of finding a salamander 
that extends to a considerable depth and has worked 
out under the jacket, even with the most painstaking 
care in selecting and laying hearth brickwork, has 
led furnace managers to extend ‘the hearth jacket 
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Fig. 3— Diagram showing how hearth walls are attacked. 


downward. In present practice the hearth jacket ex- 
tends, on an average, 4 feet below the hearth bottom, 
and most of the jackets recently built extend 4 feet 
6 inches and 5 feet below the hearth bottom. The 
apparent need for deeper jackets to eliminate this 
difficulty with the salamander has led to the develop- 
ment of the subjacket, which has appeared in a num- 
ber of forms. 

The matter of leaving the salamander in on relining 
is the subject for difference of opinion. It forms a 
solid bottom which seldom remelts after being formed 
On blowing in it may cause cold, high-sulphur iron 
and trouble with the tapping hole. It expands upon 
heating 1n a way that cannot be foretold. At least 
part of it has to be removed on relining the crucible. 

Under prevention topics the author lays great stress 
on the importance of design and construction. He 
also gives attention to protection of furnace columns, 
cooling the wall about the tapping hole, need of atten- 
tion to the cooling water supply, care of the hearth 


ditch, precautions at blowing in, essential regularity 
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of casting and flushing, practice when casting is de- 
layed, attention to signs of a breakout, proceedure 
when a furnace is losing or holding its iron, and re- 
pairing the jacket and wall after a breakout. 


Prevention of Tapping Hole Breakouts. 

The preparation of the clay and handling of the 
mud gun are of great importance in insuring safety 
from accidents to the men in tapping and delays. The 
use of water with the clay, as*done in some plants, is 
a source of danger. The plug should be made to fit 
the uneven places in the hole as closely as possible 
in order to be secure, and the mud should be packed 
well about the jacket at the outside of the hole. Care- 
ful cleaning of the hole at regular intervals is a safe- 
guard against accidents. It is well for one shift to 
notify succeeding one concerning the condition of the 
hole and the length of the plug. The practice of blow- 
ing on the hole is pronounced poor practice by the 
author of the bulletin. Care should be exercised in 
working around the iron notch and opening the hole 
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pronounced, but the action of limy slags sufficiently 
tluid to work well is notably severe. 

The preparation of the tapping hole for blowing 
in the furnace is attended with great care, because the 
first tapping is usually hard and the hole should be as 
near right in the beginning. The erosion of the tap- 
ping hole begins at the first cast. The angle is changed 
and the hole becomes deeper as production increases 
and the hearth is eroded away. ‘The tapping hole be- 
comes the hottest place in the hearth wall at times 
and various means are resorted to to cool the brick- 
work close to it. The use of cooling plate in the vicin- 
ity is dangerous, because the hot iron is hable to melt 
the plate, and the result is an explosion. The examples 
of accidents about tapping holes, given in the bulletin, 
are typical and bring the attention of the reader to the 
points of design and operation that are most pertinent 
to the subject. 

The only danger of breakouts about the cindef 
cooler is escape of cinder between the large cooler and 


Fig. 4—Three types of cooler system. 


when the cast has been delayed for any length of 
time, It is hazardous to stop the hole with the blast 


on. The gun should be left in the hole with the steam 


on for some time after the hole is stopped, in order 
to make the plug secure. The use of splasher plates 
or shields is encouraged as a protection for the work- 
men against the heat and possible accidents. 


Tapping Hole Breakouts. 

With hearth jackets and hearth brickwork strongly 
constructed and copiously cooled, the weakest point 
is immediately over and at the tapping hole. The iron 
notch is expected to withstand the erosion of fluid 
iron forced out at high velocity, the slagging action 
of cinder, which begins to come out with the iron 
during the latter half of the cast, and the cutting of 
the gas or blast sweeping down from the tuyeres when 
the iron sinks to a low level in the hearth near the end 
of the cast. To withstand this action there is provided 
simply a plug of fireclay, which fills the opening left 
in the hearth walls at lining, 6 x 24 x 36 inches in size. 

Generally speaking, the limier and especially the 
richer in magnesia the slag is, the more severely is 
the clay in the tapping hole cut out and weakened. 
When the lime content becomes excessively high so 
that the slag is extremely mushy, the action is not 
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the brick walls, a rush of cinder when the intermediate 
cooler is changed, outbursts of slag and flame when 
the monkey is changed, or an explosion of the inter- 
mediate and the large cooler. If iron comes over the 
monkey by accident, it may cut the bronze and come 
in contact with the water inside, when all three cool- 
ers may be blown out of the furnace, and an outrush 
of furnace contents follow. 

Breakouts about the cinder-notch cooler are minimized 
by painstaking care in setting and packing the cooler, 
which usually should be’ done after the kindling and 
scaffold have been placed in the hearth and bosh, and 
before the furnace is filled preparatory to blowing in. 

The cooler system is held in the furnace by clamps 
of which three types are shown in Fig. 4. Of these 
three, type C is least desirable. The feed and dis- 
charge pipes, in addition to having cocks near the 
cooler arch, should, rather than rising directly up to 
the supply pipe and trough, lead around the furnace 
at least one-third, or better, one-half, of the circum- 
ference before being taken up, so that in event of 
cutting, burning, or a breakout at the cinder notch, the 
monkey boss can turn the water off, to avoid an ex- 
plosion, without exposing himself to danger from 
escaping cinder, flame, or flying iron. 
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Development in Burning Coke Breeze 


Discussion of Paper by Joseph G. Worker, Abstracted in Previous 
Issue, Showing Success of Burning Both Fine Anthracite Coal 
and Coke Breeze — Stoker Development Stage Has Passed. 


By JOHN VAN BRUNT.* 


In looking over your February, 1918, issue of THE 
BLast FURNACE AND STEEL PLANT, I note an article by 
Joseph G. Worker on fuel economies in‘steel mill power 
plants, in which he states that no satisfactory method has 
been successfully developed to burn fine anthracite coal 
or coke breeze. 

If Mr. Worker had thoroughly investigated this mat- 
ter, he would have found that in the anthracite regions 
stokers are quite generally employed in the larger plants 
in burning the finest sizes of anthracite coal. Companies 
like the Susquehanna Coal Company, Philadelphia & 
Reading Coal & Iron Co., Delaware & Lackawanna and 
Lehigh Coal & Navigation companies have equipped, and 
are equipping many of their plants with the Coxe travel- 
ing grate, on which they are burning anthracite coals, all 
of which will pass through a 3/16-inch screen. 

The smallest sizes of anthracite steam coals are No. 
2 buckwheat, or rice and No. 3 buckwheat or barley. 
No. 4 buckwheat 1s not generally used outside of the 
anthracite regions. The screening sizes are as follows: 


No. 1 buckwheat through 9/16-inch over 5/16-inch. 
No. 2 buckwheat through 5/16-inch over 3/16-inch. 
No. 3 buckwheat through 3/16-inch over 3/32-inch. 
No. 4 buckwheat through 3/32-inch over 3/64-inch. 
All that passes through a 3/64-inch screen 1s usually 


known as silt. Any one of the above sizes are very suc- 
cessfully burned and satisfactory ratings are obtained 
trom the boilers. 

In the vicinity of New York and Philadelphia there 
are a large number of plants equipped with the Coxe 
stoker, all of which are burning No. 3 buckwheat. The 
capacities obtained vary from 125 per cent to 175 per 
cent of rating continuously, frequently going up to 200 
per cent, and over for short periods. The efficiency will 
range between 65 and 70 per cent at 150 per cent of rat- 
ing. In the anthracite regions even higher capacities are 
obtained at some sacrifice in efficiency. When burning 
the finest sizes, that is, No. 4 buckwheat and silt, the rate 
of combustion is considerably lower than the larger sizes. 
To obtain satisfactory ratings, the grate surface is in- 
creased very materially, so that at rates of combustion 
of 22 to 26 pounds per square foot, 150 to 175 per cent 
of rrating is obtained continuously. 

During the past two years over 500 of these stokers 
have been installed under an aggregate of over 200,000 
boiler horsepower in various plants in the East for burn- 
ing anthracite coal. Asa general thing these stokers have 
been installed for the purpose of burning No. 3 buck- 
wheat and smaller sizes, because of the difference in 
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price between this size and No. 1 and No. 2 buckwheat. 
The stoker. however, will satisfactorily burn both No. 
l and No. 2 sizes with slightly better economy than the 
No. 3. The No. 1 buckwheat is the largest size that can 
be satisfactorily burned on this stoker. 

In connection with the burning of coke breeze, the 
Coxe stoker has passed the development stage. Installa- 
tions have been made, and are in operation in Alabama. 
in the Pittsburgh district, and also in the East, and in the 
vicinity of Chicago. Coke breeze from bechive, and by- 
product ovens and also from gas works has been suc- 
cessfully burned. The efficiency and capacity is approxi- 
mately the same as with anthracite coal. There are fiow 
in operation, and in process of installation over 100 
stokers under boilers aggregating 50,000 horsepower 
rated capacity. These stokers are developing, and are 
designed to develop from 150 to 200 per cent of rating 
continuously at efficiencies from 65 to 70 per cent. The 
coke breeze, as burned, will all pass through a halt-inch 
screen, and will approximate 11,000 to 11,500 B. t. u.’s 
dry, 10 to 20 per cent moisture, | to 3 per cent volatile 
matter, 15 to 30 per cent ash. 

The companies installing these stokers are of na- 
tional reputation. 

In addition to burning anthracite and coke breeze, 
the stoker will handle bituminous coals, and is well 
adapted to burn the lowest grades of semi-anthracite 
semi-bituminous or bituminous. 

There can be no exception taken to the balance of 
Mr. Worker’s article. The writer believes that a higher 
standard of intelligence in boiler room operation is es- 
sential, and that no amount of equipment either of the 
stokers, or indicating and recording apparatus will pro- 
duce satisfactory economies, unless they are backed up 
by intelligence in the fire room force. 

There are many instances where boiler plants have 
been equippd with modern stokers, coal scales, water 
meters, indicating and recording flow meters and CO, 
meters and recording pyrometers, and no use whatever 
made of the data obtained, due to the lack of intelligence, 
supervision, or a definite plan of procedure. 


The services of a competent man are required to 
make proper use of equipment of this kind, one who 
can correctly interpret the meaning of the various re- 
cords, and in too many cases this service is not supplied, 
the entire equipment being turned over to the care of the 
boiler room force, no one of whom understands what 
records mean, nor are they competent to keep the instru- 
ments in adjustment and repair. 
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PRODUCTION TOPICS 


ALUMINA INFLUENCE IN BLAST FURNACE SLAG. 


By C. R. Jones, Chemist, Lebanon Blast Furnace Co. 

Referring to an article in the March issue of THE BLast 
FURNACE AND STEEL Plant by A. L. Field and P. H. Royster, 
regarding the high alumina content of the slag causing 
the slag to show from 6 to 10 per cent less than its 
true alumina content when treated with the usual hydro- 
chrolic acid method, I wish to suggest that it is not due 
to the high alumina content of the slag that this difference in 
the solubility with the hydrochloric acid treatment occurs, but 
to the conditions in the furnace and the presence of magnesia 
in the burden. The same difficulty will be met with in a slag 
with a low alumina content. 

I have found that the impurities in the insoluble matter after 
the hydrochloric acid treatment will vary from .10 to 10. per 
cent, but the variation does not travel with the alumina content. 
To illustrate, I give below four slag analyses for SiO2 and 
Al203 for four successive days. The first day, the furnace was 


on ofie-half limestone and one-half dolomite, and the last three ~ 


days all dolomite stone was used: 
1 2 3 4 


Insoluble matter ................04. 28.56 31.28 30.40 37.76 
SiNGay Soham eb a arad 27.42 26.60 25.50 23.70 
Impurities .............0... ».. +114 468 490 14.06 
Alumina from soluble portion...... 19.22 15.80 1429 9.58 
Alumina from insoluble portion.... 32 3.10 3.36 9.00 
Total alumina ...............5: 19.54 1890 17.65 18.58 


You will note that in the first case, there is higher alumina 
in the slag but less remaining with the insoluble matter, and 
when we consider the three latter slags being with all dolo- 
mite stone, it would seem that the conditions in the furnace 
are the real cause of this difference, as with half and half 
stone sometimes the alumina held in the insoluble matter is 
a great deal higher than in this case of all dolomite stone, 
except the last one. 

I think this shows clearly that the high alumina content 
in itself has nothing to do with the solubility of the slag 
in hydrochloric acid. At times, the treatment with hydro- 
chloric acid with the alumina as high as illustrated or higher 
will yield the silica pure and all the alumina in the filtrate. 
Therefore, because the alumina is over 12 per cent, it is no 
proof that the sample requires special treatment, but that the 
difference in the stone burden and temperature of the furnace 
is the reason for the slag not being completely soluble in 
hydrocloric acid. 


EXPERIMENTS IN FUEL COMBUSTION. 


The Bureau of Mines, Department of the Interior, after sev- 
eral years of experiments in fuel combustion in a special furnace, 
makes the announcement that from the results it is possible to 
design a furnace with considerable more assurance as to its 
capabilities than has heretofore been possible. 

Starting with the analysis of the coal to be used and the rate 
at which it is to be burned, the furnace dimensions in feet and 
inches can be designed with a reasonable assurance of obtaining 
a desired degree of completeness of combustion. 

The bureau has just made a report on this subject, Bulletin 
135, “Combustion of Coal and Design of Furnaces,” by Henry 
Kreisinger, C. E. Augustine, and F. K. Ovitz. The publication 
marks a period in work approved in 1906 by a National ad- 
visory board appointed by the President to advise the govern- 
ment concerning fuels. The bureau proposed to conduct such 
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experiments as would make it possible to design fuel-burning 
furnaces on a rational basis rather than by the cut and try meth- 
ods of the past. The process carried on in the combustion space 
is influenced by many factors, the most important of which are 
the volume and shape of the combustion space; the kind of coal 
used, especially the character and amount of volatile matter it 
contains; the rate of firing; the quantity of air supplied over the 
fuel bed; the rate of mixing the air with the combustible rising 
from the fuel bed; the rate of heating the coal; and the temper- 
ature in the combustion space. ° 

The qualitative effects on the rate and completeness of com- 
bustion of many of these factors have been known for a. long 
time; but the quantitative data, presented in definite units, of 
seconds, pounds, feet, or percentages, have been lacking. To 
obtain such definite information a study of combustion in the 
space beyond the fuel bed was undertaken, and the results of 
extensive tests are given in this bulletin. About 100 elaborate 
tests were conducted in a special furnace using three kinds of 
coal—Pocahontas, Pittsburgh, and Illinois—and at rates of com- 
bustion covering the full range found in practice. These are be- 
lieved to be the most extensive tests of the kind ever undertaken. 

While the bulletin is especially for those interested in the 
design or reconstruction of fuel-burning furnaces, it contains 
much of interest to the general engineer interested in fuel prob- 
lems. Some of the statements sure to arrest the attention of 
the interested engineer are as follows: ses 

The size of the combustion space required appears to be di- 
rectly proportional to the percentage of oxygen in the moisture- 
free and ash-free coal. 

The percentage of excess air that gives the best results varies 
with the size of the furnace and the kind of fuel. This fact ex- 
plains why in one plant the highest efficiency may be obtained 
with 14 per cent of CQO; in the gases, and in another plant with 
only 10 per cent of CO:. 3 

Soot is formed at the surface of the fuel bed by heating 
the hydrocarbons in absence of air. It is not formed by the 
hydrocarbon gases striking the cooling surfaces of the boiler. 
As a matter of fact only a very small trace of the hydrocarbon 
gases ever reach the surface of the boiler. Hydrocarbons that 
do so are prevented from decomposition by the cooling effect of 
the contact. The cooling surfaces do not cause the formation 
of soot; they merely collect soot and prevent its combustion. 

It seems that most mechanical stokers are smokeless not be- 
cause they burn the smoke, but because they burn the coal in such 
a way that very little soot or smoke is produced. Hand-fired 


furnaces are smoky because soot is produced in or near the fuel 
bed. 


MAKING SUBSTITUTIONS FOR NATURAL GAS. 
(Continued from page 158) 


This calculation shows that, notwithstanding the high first 
cost for a powdered coal plant, the operating cost of such a 
plant is far below that of a fuel oil plant, which is only due 
to the high cost of the oil. The operating cost for a gas 
producer plant 1s again less than that for a powdered coal 
plant, with the further advantage that the first cost of the 
former is only about one-third of the latter. 

The cost for changing furnaces has not been considered 
in Yhe preceding calculations, since this is a figure which 
depends entirely on the kind of furnaces and on the condition 
they are in. Besides, no repair charges have been introduced 
for a similar reason. The final result, however. will not be 
altered to a marked extent by these two omissions. 
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PIG IRON PRODUCTION IN THE UNITED STATES 
IN 1917. 


The American Iron and Steel Institute has recently issued 
Statistical bulletin No. 1 for 1918, showing the production 
of pig iron in the United States during 1917. 


All pig iron and ferro-alloys are included, whether made 
in blast furnaces or in electric furnaces. Pig iron made with 
bituminous coal is included under coke pig iron. Pig iron 
made with mixed anthracite and coke is included in anthracite 
pig iron. Pig iron made with electricity is included in coke 
pig iron. Low-phosphorus pig iron, that is, iron running 
under 0.04 in phosphorus, is included in Bessemer pig iron. 
Pig iron containing from 0.04 to 0.10 per cent of phosphorus 
is classified as Bessemer. The figures for 1913 and subsequent 
years include under basic iron a small quantity of charcoal 
iron of basic grade. In 1912 and prior years charcoal pig 
iron of basic quality was not included in the basic produc- 
tion. Nearly all the charcoal iron is classed as foundry pig 
iron. Ferro-silicon is included in foundry pig iron. Pig iron 
containing 7 per cent or over of silicon is classified as ferro- 
silicon. Under “all other goods” are included white and 
mottled iron, direct castings, and miscellaneous ferro-alloys. 
Where not separately stated ferro-manganese and spigel- 
eisen are included in “all other.” 

The following tables taken from the bulletin show the 
half-yearly production of all kinds of pig iron, and the pro- 
ductions by grades through 1900-17. It will be noted that 
with the exception of basic, malleable, and “all others,” the 
production was less in 1917 than in 1916; the total gross ton- 
nage fell off 787,900 tons. 


Half-Yearly Production of All Kinds of Pig Iron. 


Production—Gross Tons. 
(Includes spiegeleisen, ferro- 
manganese, ferro-silicon, 


Blast Furnaces ferro-phosphorus, etc.) 


“In blast First Second 
June30 Dec. 31, 1917 half half Total 

States 1917 %In Out Total of 1917 of 1917 1917 
Massachusetts .. 1 1 : 2 ’ 
Connecticut ..... 2 2 3 4,305 6,222 10,527 
New York ...... 21 21 25 
New Jersey ..... 4 5 ; 5 § 1,118,482 1,209,045 2,417,527 
Pennsylvania ... 136 122 41 168 7,790,514 7,749,214 15,539,728 
Maryland ....... 4 2 3 5 234,589 187,623 422,212 
Virginia ........ 12 15 4 19° 231,937 288.374 620,311 
Alabama ....... 34 34 13 47 1,494,479 1,459,226 2,953,705 
Georgia ......... 0 1 3 4 
TexaS .......... 0 0 2 2 
West Virginia... 4 3 1 4 282,548 279,403 661,951 
Kentucky ...... 4 4 3 7 
Mississippi ..... 0 0 1 1 | 
Tennessee ...... 12 10 6 16 201,296 168,655 369,951 
Obio ........06- 72 64 15 79 4,269,708 4,248,895 8,518,603 
Illinois ......... 22 18 7 y=) 1,810,137 1,672,959 3,483,006 
Indiana ......... 12 13 1 14 . 
Michigan ....... 12 12 2 14 1,200,122 1,457,381 2,657,503 
Wisconsin ...... 6 5 3 8 
Minnesota ...... 3 3 0 3 392,864 345,677 738,541 
Missouri ........ 2 2 0 2 
TOWM .....ee eens 0 0 0 0 
Colorado ....... 4 3 3 6 227,254 226,488 453,742 
Oregon .......-. 0 0 1 1 | 
Washington .... 0 0 1 1 
California ....... 0 0 1 1 

Total........ 367 340 U7 457 19,258,235 19,389,162 38,647,397 
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Production of Pig Iron by Grades, 1900-17. 
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Besse- Foun- Mallea- All Total 
Years Basie mer dry ble Forge other Qr.tons 
190U... 1,072,376 7.979.327 3.376.445 173,413 793,092 394,589 13,789,242 
OL... LAAN SO) 9.596.793 3548.718 256,532 639,454 388,007 15,878,354 
T2222 J2OBS SSO TO80R TES 8,851,278 81) 458 833,093 393,722 17,821,307 
103... ZANO.T26 OLOS9 908 4,400,025 $73,781 783,016 312,798 18,009,252 
104... QAR 14 9.008.609 3,827,229 263,520 550,836 273,676 16,497,033 
Wa... 4,105,179 12,407,116 4,758,088 635.2386 727,817 358,004 22,992,380 
HWW... SOS 674 13,840,518 4.773,011 699,701 597,420 STT.867 25,307,191 
1907... 3.375.219 18.231,620 5,151,200 920,290 683,167 419,856 25,781,361 
INOS... 4,010,144 7.226.976 3,637,622 414.957 457,164 199,155 15,936,018 
THO... 8 UAO828 WAST STO 5.822.415 658,048 725.624 281,789 25,795,471 
TO10... 9,084,608 11,245,642 5.20447 843,123) 504,157 305.590 27,303,567 
11... 8.520.020 9.409.203 4.468.940 612,523 408,841 220,910 23.649 547 
1912... 112,417.S86 11,664,015 5.073.873 825.643 469,183) 276,337 29,726,987 
1913... 12,5386.€98) 12,590,118 5.220.348 993,736 324,407 300,860 30.966,152 
1914... 9,670,687 = 7,859,127 4,533,254 671,771 361,651 235,754 23,332,244 
1915... 18,003,214 10,523,806 4,843,809 829,921 316,214 300,659 29,916,213 
1916... 17,684,087 422457 5.553.644 921,486 348,344 504,779 39,434,797 
1917... 17,671,662 13,714,732 5,328,258 1,015.579 345,707 571,459 38,647,397 


PROJECTED STEEL WORKS FOR NORWAY. 

The village of Risor, Norway, which is between Christian- 
sand and Christiana, is projecting steel works and rolling 
mills to turn out 30,CCO to 40,000 tons per year. It will utilize 
as far as possible electric power and electric heat for smelt- 
ing. This will be derived from the Hoge Falls, the first 
transmission project being 22,000 hp. It is said that from 
150,000 to 2C0,C0CO hp may be obtained from these falls. 


NEW COMPANIES FORMED. 

Four subsidiary organizations of the Tennessee Coal, Iron 
& Railroad Company, namely, the Fairfield Steel Company, 
the ‘Chickasaw Shipbuilding Company, the Chickasaw Land 
Company and the Chickasaw Utilities Company, have filed in- 
corporation papers in Birmingham. The purpose of these 
companies 1s to develop a shipbuilding and accessories plant 
at Fairfield and Mobile. The developments at Fairfield and 
Mobile are being rushed. At Fairfield, where additional steel 
plants will be erected for the production of steel plates and 
shapes for shipbuilding, the actual erection of buildings is 
started, the American Bridge Company having the bulk of 
these contracts. Machinery has been ordered, and within the 
next 60 to 90 days will begin arriving. 


The Hudson Sheet & Tinplate Co. expect to have their new 
plant in operation about June 1. The plant will consist of four 
hot mills, two stands of cold rolls, turning machines and a 
pickling machine. 
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THE BY-PRODUCT COKE OVEN AND ITS PRODUCTS 
By Witutiam Hurton BLaAvuve.t.* 


The technical and engineering problems in the manufacture. 


of coke are to-day the problems of the by-product oven. Except 
in a few special localities, practically no beehive ovens have 
been built in the United States for the last 5 or 6 years except as 
renewals of old plants, and during these years the total number 
of beehive ovens in existence has been steadily falling. On the 
other hand, the number of by-product ovens has increased from 
4,624 in 1911 to a total of about 7,660 in operation at the end of 
1917; with 2,800 building this makes a total of about: 10,460 
which will be in operation in 1918, or shortly thereafter. 

Preliminary government estimates place the total production 
of coke for 1917 at 56,600,0000 tons, the largest tonnage in the 
history of the industry. Of this 34,000,000 tons or 60 per cent 
was beehive, and 22,600,000 tons, or 40 per cent was by-product 
coke. Some time in 1918 the production of by-product coke 
should pass the beehive output, and when the by-product ovens 
now building are completed the total by-product capacity will 
be about 40,000,000 tons of coke per annum, which is over 70 
per cent of the record-breaking total coke production of 1918. 
The reason for these changes in the coking industry are familiar 
to all of us, and need not be discussed here. 


Improvement in Oven Design. 

Since the by-product oven was brought to this country from 
Europe, in 1892, it has been radically improved, and from the 
point of view of American metallurgical practice it is safe to say 
that the American ovens are superior to those of Europe. The 
points of superiority are mainly those of larger units and larger 
output per unit, and the greater extent to which labor saving 
machinery has been introduced. The increased output is largely 
due to the use of silica refractory material, which permits higher 
heats and shorter coking time than are employed in Europe. 
The modern American oven will carbonize commercially more 
than 20 tons of coal per day, and contrary to the European idea 
that slower operation is necessary to conserve the plant, this rate 
of operation with only current repairs, can be maintained for an 
indefinite time. The by-product oven is not old enough in the 
United States to make it possible to state from experience how 
long an oven can be operated at maximum efficiency. There are 
a number of plants in different parts of the country which were 
built 16 or 18 years ago. which are more efficient to-day than 
in the first year of operation, and which show costs of operation 
which compete well with those of the most modern plants. 

The early ovens were economical in heat consumption be- 
cause the heat in the waste gases was utilized efficiently in rais- 
ing steam for the operation of the plant. On account of the 
growing demand for-oven ‘gas for metallurgical and other uses, 
the change to the regenerative type of oven has been general. 
While this type of oven is not. so economical of the total heat 
produced by the combustion of the gas as is the combined oven 
and boiler plant, it makes available for use half again as much 
of the surplus gas as did the older-type of oven. Modern ovens 
require for carbonization of the.coal less than 40 per cent of the 
total heat in the gas produced. . 

Description of Oven. 

_ A description of one of the’ modern types of oven may be 
appropriate -here....The by-product oven is essentially a closed 
chamber, heated from the outside, and the volatile matter of the 
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coal is distilled air being carefully excluded. This point dis- 
tinguishes it in principle from a beehive oven, wheré the ‘heat is 
generated by combustion within the oven -itself, with the. re- 
sulting destruction of everything except the coke. The oven 
consists of a chamber about 36 feet (11 m.) long, 12 feet (3.66 
m.) high, and a width depending upon the coal that is to be 
corbonized. In American practice the average width varies from 
16.5 to 21 inches (41.9 to 53.3 cm.). Modern ovens usually have 
about 2 inches (5 cm.) of taper toward the GECIaTEC: end to 


facilitate the pushing of the coke. 


The ovens are usually heated by a ee of the gas recovered 
from the distillation of the coal, although sometimes producer 
gas is substituted. In all the successful ovens this gas is hurned 
in a series of flues which control the travel of the burning gases 
and distribute the heat over the entire side of the oven. The 
success of any oven design depends very largely upon the ability 
to correctly distribute the heat over the entire surface . which 
forms the wall of the oven, and it is by no means an easy prob- 
lem to control this distribution accurately over an area of 432 
square-feet (40 sq. m.). In some ovens the flues composing the 
heating system are vertical and in others horizontal. | 


Different systems have their advocates, and details have been 
worked out so that they can be relied upon to give the uniformity 
of heating necessary for satisfactory operation. | Naturally the 
representatives of each system prefer, their own type. The 
advocates of the horizontal flues find them more accessible for 
supervision, easter to contral, and easier to maintain. The 
somewhat lower temperature that can be maintained in the 
upper flues under all conditions of operation is a desirable fea- 
ture for the best results. A feature of one oven is:the strong 
middle wall between the ovens extending from the foundation 
to the top, which gives the structure great stability and perma- 
nence and acts as a heat reservoir to help maintain uniform 
temperatures, which is important, because when a new charge 
of cold wet coal 1s dropped in the oven there is a great demand 
for heat to start the coking process quickly. These middle walls 
also permit any oven to be repaired or entirely relined with a 
minimum interference with adjacent ovens. 


Heating the Oven. 


Another description shows the flow of the air and gases 
through the system. In this system one pair of dampers near 
the stack does all the reversing of the air and gas. The cold air 
enters from a fan located at a point near these dampers, flows 
through one of the two main flues, and is distributed to the re- 
generators by a system of firebrick slides. The air is heated in 
the regenerators to about 1,000 to 1,100 degrees C. before enter- 
ing the flue system of the oven and meeting the Bas to be 
consumed. . 

. This gas-is sane at several points in the flue systent, and 
it flows steadily through the supply pipes, its direction in the 
oven being reversed by the reversal of the current of air, so that 
no attention need be given to this point by the operator. That is. 
when the currents are flowing upward through the flue system 
each gas stream is bent upward and burns in the flue above the 
gas pipe, which is opposite the partition wall. 


When the flow is downward, the gas streams are bent down- 
ward. By méans of these several supplies of gas the heat is 
supplemented as needed and all the air supplied is consumed by 
the last admission of gas. The products of combustion pass out 
to the other regenerator and. thence to the reversing dampers 
and chimney in the same manner as in an open hearth furnace. 
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INDUSTRIAL SAFETY 


THE PROGRESS AND POSSIBILITIES OF ACCIDENT 
PREVENTION WORK. 


By Marcus A. Dow. 
It is a great honor and a distinct privilege to be permitted 


to address a congress of the National Safety Council. I am 
asked to speak of the progress and possibilities of accident pre- 
vention work and I feel somewhat in doubt as to my ability to 
do full justice to a subject encompassing such a wonderful record 
of achievement and promising so much that is possible for the 
future. The possibilities for future achievement can, perhaps, 
be fairly measured by a survey of what has been accomplished 
within a few years’ time. 

It is but a little more than 10 years since the United States 
Steel Corporation began its systematic accident prevention work 
and planted the seed which has brought forth a product of such 
great value to humanity that its development has been one of 
the biggest things in the history of American industry. It was a 
new thing—this idea that even an industry of inherent hazard 
could be made reasonably safe by an ethical procedure which 
would benefit employer and worker alike. Those pioneers who 
first promoted accident prevention work entered a strange and 
unxplored country. It was trackless, mapless and unsurveyed— 
the only compass there was to guide these men was a vision— 
a vision of a better state of affairs wherein cripples and widows 
and fatherless children were to be no longer a by-product of 
industry. 

Countless obstacles were encountered by these resolute 
pioneers but, gropingly, they found their way and, with a deter- 
mination born of a righteous purpose, they blazed their trail 
through the wilderness. And now, with the aid of countless 
others who have followed in their path, they have at last con- 
structed a highway of progress that is surely and unmistakably 
extending onward and onward toward a land of promise, the like 
of which but a decade ago could not have been pictured in the 
mind of the most romantic idealist. And so the problem of pre- 
venting accidents is to-day receiving thse serious and thoughtful 
attention of men and women in every walk of life and the effort 
that is being made to solve this problem is not merely the effort 
of a few employers but is the effort of employers and employes 
alike in practically every known field of industrial endeavor. 

The men who inaugurated specialized accident prevention 
work in industries proceeded on the theory that every accident 
has a removable cause and that, by removing the causes, acci- 
dents could be prevented. They knew that through the applica- 
tion of scientific principles smallpox, cholera and other forms of 
epidemic could be controlled and that for any community to sit 
idly and wait to be devoured by such an epidemic would be cow- 
ardly and a mark of base incompetence. They realized that this 
also was true with respect to accidents and that it was only an 
ignorant fatalist who would say, “They are inevitable.” 

In order to remove the causes of accidents, it was necessary 
first to ascertain what those causes were. Therefore, one of the 
first steps was to classify the accidents as to specific causes. Thus, 
it was found that there were two elements which entered into 
accident prevention work. One of these was the mechanical ele- 
ment, involving the application of safety devices and the correc- 
tion of unsafe physical conditions. It was found, however, that 
a majority of accidents could only be prevented by care and 
thoughtfulness on the part of human beings involved in accidents. 
Thus, the human element became an important factor to be con- 
sidered and, as the work pregressed, the principal avenue in which 
accident prevention effort was directed became the education 
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and supervision of the human forces. It was found that the 
making of laws and the mere installation of the best of mechan- 
ical satiety devices would not eliminate the human element from 
the accident problem and that cooperation between the emplover 
and the employe to eliminate not only the unsate conditions which 
the emplover must correct, but also to eliminate iniproper prac- 
tices on the part ot the employes. was essential to success in the 
preventing of accidents. 

Before proceeding further with a= discussion as to the 
progress, it may be well to consider the necessity of accident pre- 
vention work. It is unfortunate that there are no reliable statis- 
tics of accidents occurring in the United States as a whole. Fsti- 
mates based on figures gathered from various sources, however, 
give conclusive proof that the waste of human material due ta 
preventable accidents each year is nothing short of appalling. A 
careful estimate prepared by Dr. Frederick L. Hoffmann. statis- 
tician of the Prudential Insurance Company ot America, shows 
that in 1916 there were approximately 22,000 persons killed in 
industrial accidents and that at least half a million were so 
seriously injured that they lost more than four weeks from work. 
This estimate is considerably lower than a similar estimate made 
three years previous, due to the effect of accident prevention 
work. But in the past 10 years, if the number killed in accidents 
each year had been as low as it was in 1916, the lives of 220,000 
industrial workers—men who form the very bone and sinew 
of the nation—have been snuffed out. If that 220,000 had been 
buried in a gigantic trench, side by side, and = shoulder to 
shoulder, that trench would now be more than 80 miles long 
and would have to be lengthened eight miles each year to ac- 
commodate the remains of the poor unfortunates who continue 
with unceasing regularity to fall victims of preventable accidents. 
If the hospital cots of those seriously injured in the 10 years 
could be placed end to end in a continuous, unbroken line, that 
line would completely cover a single track railroad extending as 
far as from New York to San Francisco and back again. More 
than 2,500 workers were killed in the industries of the State of 
Pennsylvania alone during the year 1916, and 250,000 were in- 
jured, including both trivial and serious injuries. In the State 
of Ohio in that same year the total number of accidents reported 
to the industrial commission reached the staggering total of 
166.200, of which 847 were fatal. The cost in compensation for 
accidents in Ohio during the year mentioned was in excess of five 
million dollars, while the medical expenses amounted to more 
than a million and a half. In Massachusetts there were more 
than 135.000 non-fatal and 463 fatal injuries to industrial em- 
ployes during the year ended June 30, 1916, while in the State 
of New York, in the year ending June 30, 1917, the number of 
men injured while engaged in industrial pursuits reached the 
colossal number of 328,632, of which 1,584 were fatal. With the 
unpleasing records of these few states, multiplied many fold by 
similar records in every other state in the Union, the record 
of each state varying only according to the number of men 
engaged in industrial pursuits within its borders and with 
many thousands more killed in accidents outside of those occur- 
ring in industries and on railroads, is it any wonder that the 
hearts of men should cry out against this profligate waste—this 
colossal injustice to the human race—and that the best brains 
of the nation should be devoted to the study and development of 
systematic means for prevention? 

And so, this life-saving, health-conserving idea was con- 
ceived and has since been marching forward with “seven-league 
boots.” It is not my intention, nor would it be possible within 
the time at my disposal, to describe the many effective methods 
that have been developed in carrying on this work. 
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The following were elected to active membership of 
American Iron and Steel Institute: 

D. E. Armstrong, secretary, The William Kennedy & 
Sons, Ltd., Collingwood, Ont., Can. 

Walter W. Leck, Bethlehem Steel Company, Steelton, Pa. 

Elmer C. Sattley, Page Steel & Wire Company, Pitts- 
burgh, Pa. 

Rudolph Tencher, Keystone Steel & Wire Company, 
Peoria, III. 

William M. Tobias, Bethlehem Steel Company, South 
Bethlehem, Pa. 

Stillman W. Wheelock, Carnegie Steel Company, New 
Orleans, La. 

The following were elected to associate memberghip 
March 2, 1918: 

Clarence L. Altemus, Pacific Commercial Company, 11 
Broadway, New York City. 

Charles A. Barnes, chief, Bureau of Iron and Steel Scrap, 
Philadelphia, Pa. 

Francis John Burd, The Cutler-Hammer Manufacturing 
Company, Pittsburgh, Pa. 

W. Rowland Cox, 120 Broadway, New York City. 

Charles Dreifus, Pittsburgh, Pa. 

James F. Foster, vice president, The Republic Metalware 
Company, Buffalo, N. Y. 

J. H. France, General Refractories Company, 111 Broad- 
way, New York City. 

David M. Griffith, Wilputte Coke Oven Corporation, 6 
Church street, New York City. 

Roy G. Hird, The Republic Metalware Company, Buffalo, 
uw, ¥: 

Albert L. Johnson, vice president, Corrugated Bar Com- 
pany, Buffalo, N. Y. 

Maurice Joseph, vice president, Ohio Falls Iron Company, 
Cincinnati, O. 

Henry J. Klaer, vice president, Penn Seaboard Steel Cor- 
poration, Philadelphia, Pa. 

Harold A. Lomax, Mackintosh, Hemphill & (Cos., Pitts- 
burgh, Pa. 

John F. Lucey, president, Lucey Manufacturing Corpora- 
tion, Woolworth Building, New York City. 

W. H. Pavitt, Wilputte Coke Oven Corporation, 6 ‘Church 
street, New York City. 

Ernest Suffern, 96 Wall street, New York City. 

George R. Sullivan, Rogers Brown Company, Philadel- 
phia, Pa. 

Y. ¥ 

Floyd K. Smith will assume duties as vice president of the 

Donner Steel Company June 1. 


by Cor gle 


H. C. Thomas, assistant general superintendent of the Gary 
works of the Illinois Steel Company, at Gary, Ind., has resigned 
his position to take effect April 1. Mr. Thomas has been con- 
nected with the Gary works for 10 years, the first two years of 
which he was engaged as chief chemist and metallurgist, and 
shortly after beginning operations, about eight years ago, was 
appointed to the position of assistant general superintendent of 
the plant. Mr. Thomas’ successor has not been named. C. P. 
Kimmel has been appointed assistant superintendent in direct 
charge of rolling mill operations. 

v- ¥ 

J. C. Holding, formerly in the bureau of structural shapes 
and plates of the Carnegie Steel Company, has resigned and 
will enter the sales department of the Midvale Steel & Ord- 
nance Company. 

¥¥ 

John §S. Amey has accepted a position as assistant superin- 
tendent of one of the Donner Steel Company’s mills, Buffalo, 
N. Y. He has been in the employ of the Carnegie Steel Com- . 
pany, at Youngstown, O., for 13 years. 

Voev 

1. E. Edwards, who was chief engineer for the Valley Mold 
& Iron Corporation, Sharpsville, Pa., for 12 years, has taken 
up a position with the Marshall Foundry Company as works 
manager of the ingot mold foundry. i 

vO WV 


Peter Benninghoffen, of Hamilton, O., and F..H. Snyder, 
of Massillon, O., were added to the directorate of the Cen- 
tral Steel Company, Massillon, O., at the annual meeting 
of that company. 

yo ¥ : 

Charles T. Meily will succeed J. Stanford Brown, resigned, 

as a director of the Carpenter Steel Company. 
Vv 


O. M. Hibler, of Youngstown, O., has been made: treasurer 
of the Liberty Steel Company, Warren, O. He succeeds 
Edward F. Clark and assumed his duties April 1. 

Vv 


C. E. Middleton has charge of ingot and plate output at 
the Penn Seaboard Steel Corporation, Philadelphia, Fa: Hi; 
J. Klaer is in charge of castings production. | 

Vv : 


John Haddon has been appointed blast furnace superin- 
tendent at the North Lebanon furnaces, of the Bethlehem 
Steel Company, and James E. Gledhill, manager of the North 
Lebanon plants. Harrison Prindle, formerly assistant super- 
intendent of the Colebrook furnaces, has been promoted to 
the position of superintendent. 
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H. A. Brassert, who has been connected with the United 
States Steel Corporation since its organization, has resigned 
his position as assistant general superintendent of the Illinois 
Steel Company, at South Chicago, in order to devote himself 
to his personal interests. As vice president of the Miami 
Metals Company and subsidiary companies, he will have 
charge of their operations in the production of ferro-manga- 
nese. Mr. Brassert will also act as consulting engineer for 
Freyn & Co., engineers and contractors. He will associate 
himself with Messrs, Francis H. Hardy and Chester D. Tripp, 
in the firm of Brassert, Hardy & Tripp, to act in a consulting 
and advisory capacity on commercial and operating problems 
in the iron and steel and affliated industries. Mr. Brassert 
will remain in Chicago, with offices in the Peoples Gas 
Building. 

very 

Aldric Thompson has opened an office at 120 Broadway, 
New York, under the name of Aldric Thompson, Jr., Inc. 
Mr. Thompson was formerly chief engineer of the Inter- 
national Steel & Ordnance Corporation. He will be engaged 
in consulting and industrial engineering work. 

Vv 

J. S. Green, master mechanic and erecting engineer for 
the Wickwire Steel Company, will be connected with the 
Edgewater Steel Company, Pittsburgh, Pa. 

Vv 

R. L. Hibbard, who was connected with the Riter-Conley 
Company for 15 years as assistant manager and gas engineer, 
has opened an office in the Jenkins Arcade Building, Pitts- 
burgh, Pa., as a consulting engineer. 

Vv ¥ 

Frederick H. Willcox has been appointed secretary, and 
C. D. Rawstrone, vice president, of the firm of Freyn & Co., 
Chicago, Ill. Mr. Willcox was formerly with the Bureau of 
Mines, also assistant blast furnace superintendent of the 
Natignal Tube Company. Mr. Rawstrone was formerly con- 
nected with the George A. Fuller (Company. 

Vv 

James P. Armel has been appointed a senior inspector 
with the aviation section of the signal corps. He is in charge 
of inspection at The Bristol Company, Waterbury, Conn. He 
was formerly engineer on special design estimates with the 
Pittsburgh Valve, Foundry & Construction Company. 

Vv. 

J. T. Larimer, formerly assistant general superintendent of 
the Joliet plant of the Illinois Steel Company, is now assistant 
superintendent of the South Works plant, succeeding C. L, 
Danforth, Jr. 


J. H. Walsh has been appointed superintendent of rolling 
mills at the South Works of the Illinois Steel Company. This 
is a newly-created position. 


YY ¥ 
Edgar C. Felton has been appointed Federal examiner 
for the Delaware Valley shipbuilding industry. He was for- 
merly president of the old Pennsylvania Steel Company. 
Vev 
J. B. Henry, general superintendent of the United Steel 
Casting Company, has been elected a vice president. Mr. 
Henry succeeds J. B. Allen, who has been elected president. 
Both the offices of general superintendent and vice president 
will be filled by Mr. Henry. 
Vev 
W. M. Faber, plant engineer of the American Steel & 
Wire Company, has been made chairman of the fuel service 
committee of the Cleveland Engineering Society. 
Vv 


Morris Metcalf, vice president of the American Inter- 
national Steel Corporation is assuming the office of the 
president pending the election of a president to succeed the 
late Edward McKim Hagar. 

Vv 


Ross H. McMaster, formerly assistant general manager of 
the Steel Company of Canada, at Montreal, is now a member of 
the Canadian war commission. He will be located in Washington. 

Vv 


J. Leonard Replogle has resigned as chairman and director 
of the Wharton Steel Company. J. H. Hillman, Jr., has been 
elected director. 


Vv 


Victor E. Edwards, vice president Morgan Construction Com- 
pany, Worcester, Mass., is now at Aberdeen, Md., as consulting 
engineer for the Ordnance Department. 


Vv 


Charles T. Mason is now assistant general superintendent of 
the Joliet plant of the Illinois Steel Company. 
¥ 


J. B. Mansfield, formerly superintendent of the Bolles Iron & 
Wire Works, Detroit, Mich., later vice president, has been elected 
president and general manager of that firm. 


Vv 


Walter E. Brown, for many years office manager of the 
Youngstown Iron & Steel Company, Youngstown, O., and 
recently with the Sharon Steel Hoop Company has resigned. 
He will take charge of the farms of Jonathan Warner, presi- 
dent of the Trumbull Steel Company, 
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A PLASTIC REFRACTORY FOR BOILER BAFFLES. 


The principal loss of heat from a boiler furnace is in the 
flue gases, and is measured by the product of their weight 
multiplied by their excess of temperature over atmospheric 
temperature. High temperature of gases may be due to com- 
ing into contact with too little heating surface, to coatings 
of soot or scale upon the heating surface which prevent the 
absorption of heat from the gases, but most commonly, to 
defects in the baffling. Baffles may be improperly located, 
producing deadspaces where the gases do not circulate in 
the tube banks of water tube boilers, or the baffling may not 
provide for a sufficiently high velocity and long path of the 
gases of combustion. 

Defective baffling is the most common cause of high chim- 
ney temperatures. The baffles may ‘have 
fallen down or bricks or blocks may have 
slipped out from between the boiler 
tubes, allowing the short-circuiting of a 
large amount of gas. 

The strongest reason for the installa- 
tion of pyrometers to measure flue gas 
temperatures is that they serve to notify 
the operating force at once regarding 
baffle failures. Where abnormally high 
temperatures are found, a broken-down 
baffle is always to be expected. 

Baffles for water-tube boilers have in 
the past consisted of tile, bricks or blocks 
of refractory material, fitted in between 
the tubes. In cross-baffled boilers these 
tiles are introduced between the tubes 
by springing the latter, and naturally do 
not form very tight joints with one an- 
other or with the tubes, especially after 
the latter have become warped or sprung 
as they invariably do in service. It is 
also difficult to insure that blocks will 
remain where they are placed and will 
not slip or fall, leaving large openings. . 
Due to the manner in which baffles are 
inserted in boilers, it is almost impossible 
to cement them together, besides which 
the difference in expansion and contrac- 
tion of the boiler and baffling would 
break the joints apart. Brick and blocks 
also warp and twist and are frequently 
split by the pinching effect of the tubes. 

The accompanying illustration shows 
how jointless, and, therefore. sas-tight 
baffles can be made by the use of a 
refractory known under the trade name 
of Plastic Fire Brick and manufactured by the Betson Fire 
Brick Company, of Rome, N. Y. This material was originally 
introduced for lining boiler furnaces, and is compounded of 
refractory materials so prepared as practically to eliminate 
expansion and contraction with changes in temperature. 
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The material is shipped in barrels in a moist, plastic con- 
dition, ready for use. In forming a cross-baffle for a water- 
tube boiler of the B. & W. type, the ordinary cast iron baffle 
plate is used as one side of the mold, while the other is made 
by thrusting slats in through the diagonals between the tubes, 
as shown in the illustration. The plastic material is then 
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Method of placing and co 
material, which is retained in place by 
criss-cross of slats until set by the fire. 
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poked down through the diagonals to fill the space between 
the cast iron bafle plate and these slats. It is sufficiently 
plastic so that it can be forced out sidewise around the tubes, 
fitting the latter snugly. 


When this work has been completed, the boiler is fired 


up slowly, the criss-cross of slats burns out, and the plastic 


material is dried and vitrified in place. This operation occu- 
pies only a few ‘hours, after which the full load may be put 
upon the boiler. Inasmuch as the boiler comes up to full 
steam pressure before the material is thoroughly set, the ex- 
pansion of the metal pushes away the soft material to the 
position which it should occupy when the boiler is hot, and 
while the boiler will draw away from the material in 
cooling off again, the baffles will always fit tightly when 
the boiler is under steam. 

In forming a longitudinal baffle, blocks 
of wood are placed in between the tubes, 
above and below the space which it is 
desired that the baffle shall occupy, thus 
confining the plastic material, which is 
shoved in from the side in the case of 
bafHes in the middle of the tube bank, 
or from underneath or overhead, in the 
case of the baffles at the bottom or top 
of the tube bank. 

Where. this material is used there is 
no restriction upon the shape or size of 
the baffle, and the latter can therefore be 
arranged in any form desired. In cross- 
baffled boilers, for example, it is becom- 
ing the practice to slope or incline the 
baffles so that the gas passage will con- 
tract progressively from the point where 
the gases enter the tube to the point 
where they leave, in order to maintain 
a uniform gas velocity, in spite of the 
shrinkage of gas volume with cooling. 
This is easily accomplished with the 
plastic material, whereas with the solid 
bricks or blocks a special block is re- 
quired which can be inserted and main- 
tained in place only with difficulty, if 
at all. 

This material also finds use as a 
substitute for special forms of bricks or 
blocks, as for example, where the front 
a headers of horizontal water-tube boilers 
rest upon the front arch. Its use for 
lining furnace and combustion chambers, 
wall, rear arch, etc., has been de- 
including front arch, side walls, bridge 
scribed previously. The exacting tests to which it has 
been put in direct contact with the fuel bed and with 
the gases of combustion before they have been cooled by 
the boiler surfaces, proves its ability to withstand high 
temperature gases and stresses such as are encountered in 
furnace construction for long periods without crumbling or 
otherwise deteriorating. | 
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Driver-Harris Company, Harrison, N. J., have recently 
issued an extensive bulletin on the subject of “Pure Sheet 
Nickel.” Another bulletin on “Nichrome” wire mesh con- 
tainers for heat treating and acid cleaning is in preparation, 
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NEW ENCLOSED FLOAT SWITCH FOR AUTOMATIC 
CONTROL OF PUMPS. 


Perhaps some of the first float switches were used in con- 
nection with sump pumps in basements of buildings, but 
present-day uses of these switches cover a wide field of 
manufacturing and industrial applications. One of the im- 


Enclosed float switch ar- 
ranged for fall mounting. 


Enclosed float switch with 
lower enclosure removed. 


portant applications in connection with motor-driven pumps 
is for sprinkler systems and other fire protective apparatus. 
As an improvement on the open type float switch, The Cutler- 
Hammer Company of Milwaukee, Wis., is now manufacturing 
a new enclosed switch which is built to stand hard usage 
and has a switching mechanism that is positive in its opera- 
tion. The opening and closing of the switch blades is accom- 
plished by the rise and fall of a heavy copper float, which by 
means of a float rod and lever drives a roller, against the 
action of a spring, over the point of a cam. This opens and 
closes the switch with a quick action. The switch will not 
get out of step, which is the chief objection to some switches. 
The upper part of the C-H switch carries all of the operating 
mechanism and is also provided with mounting lugs. They 
are made for several different methods of mounting. The en- 
closing tank can be 
easily removed for 
inspection or making 
connections. The up- 
per casting 1s pro- 
vided with an open- 
ing and bushing for 
the entrance of con- 
duit. These switches 
are made with one, 
two, three, and four 
poles. The single 
pole switches are in- 
tended for use with 
self-starters for automatic controlling direct or alternating- 
current motors. The two, three and four-pole switches are 
intended for use with single and polyphase motors which 
may be thrown directly on the line when starting. 


Showing mechanism of enclosed float 
switch. 
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ELECTRIC HOIST MANUFACTURERS ORGANIZE. 

The Electric Hoist Manufacturers’ Association has, by 
a resolution adopted at its last meeting, offered the services 
of the member companies to the government in meeting the 
extraordinary demand for their product. 


The War Industries Board of the government has _ re- 
quested full information concerning the ability of the electric 
hoist manufacturers to handle the volume of business offered 
them, as well as what effect prirority orders and embargoes 
on shipments has had upon the trade. 


Electric hoists for shop use and handling material have 
gone through various stages of development during the past 
1S years and like all classes of shop machines they cannot be 
successfully designed on the basis of theory alone. Actual 
experience in meeting hoist requirements and innumerable 
corrections and refinements in design on the part of the 
manufacturers have marked the progress made during these 
past 15 years in this important field. 

Now that it is thought that the experimental stage has 
been well passed and acceptable designs developed by various 
manufacturers, it seems wise to coordinate the total experi- 
ence and to make available for the user all that is best in 
electric hoist design and practice. With this object in view, 
the manufacturers of the United States organized ‘The 
Electric Hoist Manufacturers’ Association,” comprising the 
following companies: 


The Brown Hoisting Machinery Company. 
Detroit Hoist & Machine Company. 

Euclid Crane & Hoist Company. 

The Franklin-Moore Company. 

Link-Belt Company. 

Roeper Crane & Hoist Works. 

Shepard Electric Crane & Hoist Company. 
Sprague Electric Works. 

The Yale & Towne Manufacturing Company. 


The officers of the association are: 


F. A. Hatch, chairman, Shepard Electric Crane & Hoist 
Company. 

F. W. Hall, vice chairman, Sprague Electric Works. 

C. W. Beaver, secretary-treasurer, The Yale & Towne 
Manufacturing Company. 


The association holds monthly meetings for the purpose 
of studying the specific needs of the hoist user and to de- 
velop standardized methods of presenting information to 
him so that guesswork will be eliminated. 


The association will consider uniform nomenclature per- 
taining to types and parts of electric hoists, fix upon a stand- 
ard by which hoist motors shall be rated, and promote the 
standardization of electric hoists as far as possible. It will 
also collect and disseminate information and statistics rela- 
tive to the electric hoist industry, provide facilities and 
opportunities for study and education in regard to the eco- 
nomics of the industry, extend the use of their product by 
pointing out the great number of material-handling problems 
of different classes that can be solved by the use of electric 
hoists, promote a friendly intercourse and cooperation among 
the members and disseminate information that long experi- 
ence has taught is essential to any hoist to insure good re- 
sults and to recommend to the members of the association 
well established principles, both as to construction and equip- 
ment, that will tend to eliminate any possibility of inferior 
equipment. 
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Roller Chains—The Link-Belt Com- 
pany, of Chicago, Ill., has issued book 
No. 358, containing preliminary informa- 
tion on recent roller chain developments. 
A table of dimensions of roller chains, 
specifications, etc., are included in the 
booklet which is well illustrated. 

Steel Wheels for Trucks — Detroit 
Pressed Steel Company, Detroit, Mich., 
has issued a folder which deals with a 
line of heavy-duty pressed steel disc 
wheels for trucks and tractors. Draw- 
ings of the three styles of wheels which 
are made are presented, there being prac- 
tically no text in the folder. 

Superheaters — Power Specialty Com- 
pany, 111 Broadway. New York, has 1s- 
sued a pamphlet which calls attention 
to a line of superheaters and the advan- 
tages of using them in connection with 
the employment of steam for power pur- 
poses. Illustrations of the different 
forms of superheaters that can be sup- 
plied are presented, together with views 
of a number of plants in which they have 
been installed. Mention is made of units 
for use on locomotives and steamships 
and for portable work. 


Ball Bearings—Transmission Ball Bear- 
ing Company, Ine. Buffalo, N.Y. has 
issued catalog No. 3. Size 6 x 9 in.; 52 
pages. It describes and illustrates an ex- 
tensive line of ball bearings for power 
transmission. ‘These include = standard 
and heavy-duty types for shafting hang- 
ers, pillow blocks, loose pulleys, clutch 
sleeves, ete. A brief account of the de- 
velopment of the bearings is presented 
together with the results of tests which 
have been made upon them. Tables of 
sizes are presented in each case and a 
number of views of applications of the 
hearings as well as plants in which they 
have been installed supplement the text 
matter. 

Soot Blowers—HBulletin No. 119 just 
issued by the Diamond Power Specialty 
Company, is a handsome 48-page review 
of current mechanical soot-blower prac- 
tice. The bulletin is printed in two col- 
ors throughout, and contains in addition 
to many fine illustrations much data on 
boiler-room efficiency, going into detail 
regarding the necessity of equpping 
boilers with soot blowers of the highest 
operating efficiency to be obtained. 
Charts, tables and illustrations make 
very clear the method of cleaning. 
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The Pittsburgh office of the Reliance 
Iron & Coke Company, of which Ray S. 
Fox is manager, has been moved to 1226 
Park building, in that city. 

The Lees Company, successor to George 
E. Lees Advertising. has. moved their 
office from 2025 East Ninth street, Cleve- 
land, O., to 422 Sloan Building. 

Beginning at once. the address of the 
Hyatt Roller Bearing Company is as fol- 
lows: Hyatt Roller Bearing Company, 
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Industrial Bearings Division, Metropol- 
itan Tower, New York City. 

The Easton Car & Construction Com- 
pany, Easton, Pa., announce the opening 
of a new branch office in Washington, 
I). C.. the address being 225 Kellogg 
Building, 1422 F street, Northwest. 


The Asbestos Protected Metal Com- 
pany, of Pittsburgh, Pa., has announced 
the removal of its New England office 
to the State Mutual Building, in Boston, 
Mass. William H. Cummings ts in 
charge. 

Ao transfer of its general purchasing 
office from St. Louis to the main ofhce, 
165 Broadway, New York, has been made 
by the American Car & Foundry Com- 
pany. W. H. Hedgecock is general pur- 
chasing agent. 

The Wilson-Synder Manutacturing 
Company has opened an office in Cleve- 
land, ©., 511 Citizens Building. H. W. 
Van Cleve, formerly of the Pittsburgh 
office has been made district manager of 
Cleveland branch. 

The Westinghouse Electric & Manu- 
facturing Company has removed its 
Phoemx branch to the Immivration 
Building, Tucson, Ariz. The Southwest- 
ern representatives are J. H. Knost and 
W. G. Wilson. 

A\. branch office has been opened in 
Chicawo by the Latshaw Steel & Metal 
Products Corporation, New York. The 
Chicago branch ts located in the Rail- 
way) Exchange Building. Marvin W. 
Singer is in charge. 

Mayer Bros., Inc., Antigo, Wis., power 
hammers, will move its plant and offices 
to Kaukauna, Wis., where it has secured 
the factory and business of A. W. Mc- 
Lean & Co. The latter company has 
been doing business under the name of 
the Kaukauna Machine Works. 


‘A. Washington office has been estab- 
lished by the Cutler-Hammer Manufac- 
turing Company. H. W. Knowles, of 
the New York office has been put in 
charge and the office 1s to remain at the 
capital for the period of the war. The 
Washington headquarters will be at the 
Bradford, Eighteenth and K streets. 


A. B. Morrison, Jr.. has recently ac- 
cepted a position with the Smith Gas 
Kngineering Company as sales engineer. 
Mr. Morrison was formerly with the Fort 
Wayne Electric Works and the Rath- 
bun-Jones Engineering Company and 
more recently with the John H. Mc- 
Gowan Company as Philadelphia repre- 
sentative. 

The general offices and branch sales 
office of the American Refractories Com- 
penny are now located at suite 315 Union 
Arcade Building, Pittsburgh, Pa. The 
general sales offices will be located at 
208 South La Salle street, Chicago, II. 
A branch sales office will be opened in 
the Equitable Building, 120 Broadway, 
New York. 


Julius S. Holl, formerly advertising 
manager of the Link-Belt Company, Chi- 
cago, Ill., and who was recently appoint- 
ed assistant head of the department of 
shipyard volunteers of the United States 
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shipping board has been engaged in the 
enrollment of 250,000 volunteer workers 
tor shipyards. Huis office is located at 
207 National Theater Building, Washing- 
ton, D.C. 

I.arl EK. Adams, lately sales manager 
of powdered coal department of the Bon- 
not Company, Canton, O., and for some 
years in charge of gas producer work for 
the Power & Mining Machinery Com- 
pany, has accepted a position as sales 
engineer for the Smith Gas Engineering 
Company and will shortly be located at 
Dayton, O., where the new plant of the 
Smith Gas Engineering Company. is 
nearing completion, 

The Camden Iron Works, of Camden, 
N. J.. 18 now being operated directly by 
the receivers, their agreement with Wal-- 
ter Wood, trading as R. D. Wood & Co., 
to act as their agent, having terminated 
on Iebruary 28. The receivers are oper- 
ating under the direction of the United 
States Court. <All proposals, contracts, 
purchases, shipments, payments and col- 
lections are now being made by the re- 
ceivers from or at their office, in Cam- 
den, N. J. 
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George England, who was superintend- 
ent of the foundry at Edgar Thompson 
Steel Works, Carnegie Steel Company, 
Braddock, Pa., died at his home recently. 

A. Russel Calder died at Harrisburg, 
Pa., 60 years of aye. He was connected 
with the Pennsylvania Steel Company, 
Steclton, Pa. for 35 years. He assisted 
in the first heat of basic Bessemer steel 
made in this country. 


Henry B. Newhall, formerly president 
of the Newhall Chain, Forge & Iron 
Company, the New Jersey Foundry & 
Machine Company, the Diamond Expan- 
sion Bolt Company, and the Garwood 
Company, died February 16 at Littleton, 
N. H., after a long illness. 
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The summer meeting of the American 
Institute of Chemical Iingineers will be 
held June 19-22 at the Madison House, 
Gorham, N. H. 


The second annual convention of the 
American Gear Makers’ Association will 
be held at the Green River Hotel, 
Wichita Sulphur Springs, W. Va, April 
18-20. 

The Pittsburgh section of the A. I. 
Kk. E. will meet Tuesday evening, April 
9, at the Chamber of Commerce Build- 
ing, Pittsburgh, Pa. A paper on Induc- 
tion Motors will be read. 

The spring meeting of the American 
Flectro-chemical Society will consist of 
a trip through the South, beginning the 
week of April 28. ‘Chemical, electro- 
chemical and metallurgical centers of 
the South will be visited. During the 
evenings technical papers and discus- 
sions will be held. 
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smile with contentment when thinking 
of their reliable Gas-Making Equipment. 
In most cases this is true for 
the first time in their history. 
Illustrated catalog gives the reason. 
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